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REFERENCES 


The first eight references are monthly data reports prepared and submitted 
to C-b Shale Oil Venture, Grand Junction, Colorado, 81501 by AeroVironment, 
Inc., 145 Vista Avenue, Pasadena, California, 91107. 


The remaining four references are monthly data reports prepared by 
Occidental Oil Shale, Inc., P.O. Box 2687, Grand Junction, Colorado, 81501 


1. Volume I 
2. Volume II 
3. Volume I 
4. Volume II 
5. Volume I 
6. Volume II 
7. Volume I 
8. Volume II 
9. Volume I 
10. Volume I 
11. Volume I 
12. Volume I 


February 1978 Data 
February 1978 Data 
March 1978 Data 
March 1978 Data 
April 1978 Data 
April 1978 Data 
May 1978 Data 

May 1978 Data 

June 1978 Data 
July 1978 Data 
August 1978 Data 
September 1978 Data 


Corrections to data previously submitted by AeroVironment are listed in 
the Data Corrections section. 
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PREFACE 


This volume is the final submission acquired during the air quality/ 
meteorology portions of the monitoring program for oil shale tract C-b. The 


period covered runs from | February through 28 February 1978. 
This report is divided into two volumes. Volume I contains all of the 


basic data (hourly averages). Volume II contains all of the computer analysis 


reports. 
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Wind Speed, (WS2-4), 10 m, 30 m, 60m 

Wind Direction (WD2-4), 10 m, 30 m, 60m 

Bivane Wind Speed (BWSI, 3), 10 m, 60 m 

Bivane Horizontal Wind Direction (BHD1, 3), 10 m, 60 m 
Bivane Vertical Wind Direction (BVD1, 3), 10 m, 60m 
Root-Mean-Square Deviation in Wind Direction (Sigma Theta, 
STH2-4), 10 m, 30 m, 60 m 

Root-Mean-Square Deviation in Bivane Horizontal Wind 
Direction (Bivane Sigma Theta, BST1, 3), 10 m, 60 m 
Root-Mean-Square Deviation in Bivane Vertical Wind Direction 
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Temperature (T2-4), 10 m, 30 m, 60 m 

Lapse Rate (Delta T, DT2) 60 m-10 m 
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Barometric Pressure (BARP): 

Solar Radiation (SOLR) 

Mixing Height (MIX) 

Inversion Height (INV) 

Stability Type (STB1, 2) 50 m, 200 m 


Miscellaneous Data 


Bolak 


Double Theodolite (Wind Speed, Wind Direction, and Tempera- 
ture versus Altitude) 
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Hourly Average Data Tabulations for All Sites in Order by Site Number 


3.1.1 Hydrogen Sulfide (H.S) 

3.1.2 Sulfur Dioxide (SO, 3 

3.1.3. Total Hydrocarbons (THC), expressed as ug/m~ of CH, 

3.1.4 Methane (CH, ) 
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3.1.8 Nitric Oxide, NO 
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3.1.10 Ozone (03) 


Miscellaneous Data 
3.2.1 High Volume Sampler, Suspended Particulates 


Not all sites measure all of these parameters. 
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SECTION 1.0 


GENERAL 
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1.0 GENERAL 
1.1 Introduction 


AeroVironment Inc. is performing an air quality and meteorological 
measurement program on the C-b shale oil tract for C-b Shale Oil Venture. 
Various parameters of air quality and meteorological data are collected at a 
network of sites. A listing of data collected during this month is contained 
in Section 1.3. 


1.2 Description of Instrument Systems 


£221 Air Quality Instrumentation 


The ambient air sample is drawn in through a glass cane and manifold 
supplied by the Ace Glass Company. The system has a 25mm diameter, 
through which an air flow is provided by an air pump rated at 60 cfm. The 
manifold has sampling ports to which 1/4" teflon lines are connected to the 
air quality instruments. All joints in the sampling system are secured by O- 
ring compression fittings. The following are the air quality instruments 


used: 


re) Oxides of Nitrogen 


Oxides of nitrogen were measured by use of a Monitor Labs Model 
8440E analyzer. Operating on the chemiluminescent principle, this dual- 
channel analyzer continuously monitored both NO, and NO. The NO, value 
was calculated by the off-site computer by subtracting the NO value from 
the NO, value. This instrument had a lower detection limit of 2 parts per 


billion (ppb) and a linearity of + 1%. 
fe) Sulfur Dioxide 
Sulfur dioxide is continuously measured with a Meloy Model SA185-—2A 


sulfur analyzer equipped with a Meloy Model H5S-1 hydrogen sulfide 
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scrubber. This instrument utilizes the principle of flame photometric 
detection (FPD) for operation. It is designated by EPA as an equivalent 
instrument. The instrument has a lower detection limit of 5 ppb and a 


linearity of + 1%. 


° Hydrogen Sulfide 


Hydrogen sulfide is monitored continuously by using a Meloy Model 
SA185-2 equipped with a Meloy Model SO,-1 sulfur dioxide scrubber. It also 
utilizes the FPD principle, and its lower detection limit is 5 ppb and 
linearity + 1%. 


re) Ozone 


Ozone is measured continuously by using a Meloy Model OA350 
analyzer. Based on the chemiluminescent principle, it has a lower detection 
Jimit of 1 ppb and a linearity of + 1%. 


fe) Hvdrocarbons and Carbon Monoxide 


Total hydrocarbons, methane, and carbon monoxide are monitored by 
use of a Bendix Model 8200 analyzer. This instrument utilizes the gas 
chromatography-flame ionization detection principle, and measures each 
parameter once every five minutes. The non-methane hydrocarbon value is 
obtained by subtracting the methane value from the total hydrocarbon value. 
This instrument has a lower detection limit of 100 ppb for all three 


components. 


oO Total Suspended Particulates 


A General Metal Works Model 2000 high volume sampler and glass 
fiber filter paper are employed to collect the ambient air total suspended 
particulates. The high volume sampler is turned on and off by a timer, once 
every three days, from midnight to midnight. Thus, a 24-hour integrated 
sample is collected. 
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The glass fiber filter paper is conditioned in a humidity controlled 
chamber for at least 24 hours before it is weighed. This procedure applies to 
both before and after it is exposed to the ambient air. The weighing is 
carried out by using a Torbal Model EA-1-AP balance. 


A Dickon recorder is used to record the high volume sampling flowrate 


throughout the 24-hour sampling period. 


1.2.2 Air Quality Equipment Calibration Procedures 


re) Daily Zero and Span Check 


A Meloy Model RAD-1 calibration unit is used to perform the daily 
zero and span check on the NO/NO,, SO,, and H,S analyzers. This 
instrument provides a zero air supply, SO, span gas from an SO. permeation 
tube, and NO span gas obtained by precisely diluting bottled NO span gas. 
The zero and span checks of all instruments are manually performed once a 
day. Each instrument is first switched to zero and the zero value is 
recorded on the multipoint chart recorders. After a stable zero signal has 
been obtained, a gas span is supplied to each channel until a stable span 
value has been reached. This value is recorded on the multipoint chart 
recorders. Both the zero and span values should be within the tolerance 
limit specified; otherwise, the analyzer is recalibrated. The instruments are 


then returned to the monitor mode. 


The bottled NO span gas used for this purpose was obtained from 
Precision Gas Products. The SO, permeation tubes were manufactured by 


Metronics Associates, Inc. 
The Model OA350 ozone analyzer has its own calibration system, which 
provides a zero check and a span check. The zero and span check is also 


done manually once a day. 


The Model 8200 total hydrocarbon, methane, and carbon monoxide 


analyzer is calibrated with undiluted span gas obtained from AirCo's Rare 
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and Specialty Gas Division. This span gas contains methane and carbon 
monoxide in air; the methane being used to calibrate both the total 
hydrocarbon channel and the methane channel. The Model 8200 is zeroed 
with air from a Bendix Model 8834 zero air unit. In addition, the instrument 


is electronically re-zeroed at the start of every five-minute cycle. 


oO Multi-Point Calibration 


Monthly multi-point calibrations of all air quality instruments are 
performed. The purpose of the monthly calibration is two-fold: 1) to check 
the instrument linearity, and 2) to assign the values of the on-site 


calibration sources so that they are NBS traceable. 


The air quality instruments for SO}, H,S, O3, and NO/NO,, are 
dynamically calibrated by use of a Monitor Labs Model 8500 Dynamic 
Calibration System. This calibrator utilizes the permeation principle for 
SO, and HS, ozonation of air for ozone, and dilution of concentrated NO to 
ambient level NO, and can perform gas phase titration of NO and 03 for 
NO, calibrations. It is capable of producing stable concentrations for the 
purpose of calibration of the instruments. For the THC/CH,/CO instru- 
ments, three cylinders of gases containing approximately 0, 4, and 8 ppm of 


CH, and CO are used to calibrate the analyzers. 


The calibrator's SO, permeation tube output is calibrated quarterly by 
using the EPA-prescribed pararosaniline method (Federal Register, Vol. 36, 
No. 84, Part II, April 30, 1971); HS output by the cadmium hydroxide 
stractan method (Intersociety Committee, American Public Health Associa- 
tion, Washington, D.C., 1972); and 03 output by the EPA-prescribed 1% 
neutral buffered potassium iodide (NBKI) method (Federal Register, ibid). 
The concentrated NO cylinder used (~100 ppm) is NBS traceable, and the 
traceability is maintained by re-analyzing the cylinder once every six 
months by using an NBS cylinder. The dilution system of the calibrator is 
checked once every three months by using an NBS traceable test meter. The 
NO dilution output from the calibrator is further calibrated quarterly by use 


of the Saltzman method (Intersocity Committee, ibid). 
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Cylinders used to calibrate THC/CH,/CO instruments are NBS 
traceable. The traceability is maintained by re-analyzing the cylinders once 


every six months by using an NBS cylinder. 


The high volume sampler is calibrated monthly by use of a set of 
resistance plates which, in turn, is calibrated by using an NBS traceable 
Roots Meter once a year. The balance used for weighing glass fiber filters is 


calibrated quarterly by using a set of NBS traceable weights. 


1.2.3 Data Acquisition System 


Esterline Angus Model E1124E multipoint chart recorders are used as 
primary recording means to monitor data. The EA chart recorder logs data 


at 2-1/2-minute intervals. The data reflects the real time value at that 


instant. 
1Z.4 Meteorological Instruments 
° Site 023 


The meteorological tower itself is a 60-meter Rohn Model 80 Guyed 
Tower, designed for 40 pounds per square foot wind load with 1/2" of radial 
ice per EIA Standard RS-222-B, to support four levels of meteorological 
equipment. The material consists of tower sections with a tapered base, 
three retractable booms 12 feet long, three outside work platforms, an 
inside ladder for climbing, two base ground kits, and one anchor ground kit. 
The cable-type Safety Climbing Device consists of a cable and attachment 
mechanisms with a locking sleeve and safety belt. The tower is lighted and 


painted according to FAA specification. 


All instrumentation, except at the ground level, is mounted at the end 
of 12-foot retractable booms. These booms are 3-inch box beams which are 
on rollers and can be retracted to the instrument platforms for instrument 


maintenance. 
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The tower has instrumentation at three levels: 10m, 30 m, and 60m. 
There were wind speed and direction sensors at all three levels, and 
temperature, 6 » and o 6 at the 10 m and 60m levels. Relative humidity, 
solar radiation and barometric pressure sensors are at the ground level. 
Temperature difference thermistors and their associated circuitry took lapse 


rate measurements for the 10 m to 60 m layer. 


Wind Speed and Direction 


The wind direction and speed apparatus used at each measurement 
level of the tower is the Model 1074-2 wind sensor by Meteorological 
Research, Inc. (MRI). This sensor has a 540° potentiometer for wind 
direction and a light chopper for wind speed. This sensor is rugged, with an 
ali-weather cup and damped vane assembly. The wind sensors on the tower 
have been specially treated with a black paint which will promote warming 
of the exposed surfaces of the sensor and thereby reduce ice and snow 
accumulations on the moving parts of the apparatus. The specifications on 
the Model 1074-2 are as follows: 


Wind Speed 


Starting Threshold: 0.75 mph. 
Response Distance: 18 feet (63% recovery) 


Flow Coefficient: 7.9 feet/Revolution 


o Oo 0 O90 


Precision: + 0.4 mph or 1% (whichever is greater) 
Wind Direction 


Starting Threshold: 0.75 mph 

Delay Distance: 4 feet (50% recovery) 
Damping Ratio: 0.5 to 0.6 

Precision (540° system): +1% 

Range: 0° to 540° 


© (Om OO} 10 
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Temperature 


The temperature sensors are mounted within a power-aspirated 
radiation shield at each tower level. All aspirators and sensors are of the 
Model T621-TP18X by Weathermeasure. The aspirated shielded housing is 
designed to provide maximum radiation protection to the sensor. The 
temperature sensor provides a linear resistance change with an air 
temperature change. The specifications on the sensing elements are as 
follows: 


° Precision: + ara @ 
o Range: -50°C to +50°C 


Delta Temperature 


Measurements of temperature differences (AT) are taken for the 10 m 
to 60m layer by using the MRI Model 840 systems. Both of the AT 
thermistors are mounted within power-aspirated radiation shields. The 


specifications on the AT equipment are as follows: 


) Precision: + G2 
o Range of AT Circuit: 25° @ tors. 


Sigma Theta, Sigma Phi 


O and Fs were measured by using the R. M. Young 21003 Gill 


Anemometer Bivane. The specifications are as follows: 


fe) Precision: 0 Se i 
(0) so + ne 

° Range: Ca O= 255° (values computed by on-site computer) 
i> 64° 
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Relative Humidity 


The relative humidity is monitored by using a WeatherMeasure H324-S 
hair hygrograph. It uses the time-tested human hair bundle as the sensor for 


relative humidity. The precision and range are as follows: 


fe) Precision: + 1% from 20% to 80%; + 3% at extremes 
) Range:  0-100% 


Barometric Pressure 


The barometer is the B242 Analog Output Barometer by Weather- 
Measure. This barometer provides an output voltage that is linearly 
proportional to pressure. The specifications on the instrument are as 


follows: 


° Precision: + 1 mm Hg 
° Range: 550-627 mm Hg 


Solar Radiation 


The pyranometer at the site is the Eppley Precision Spectral 
Pyranometer. This instrument is used for the measurement of sun and sky 
radiation totally or in defined wavelength bands. The pyranometer is 
levelled and mounted atop a wooden stand | meter from the ground surface. 
Care has been taken to eliminate the effects from all outside influences, 
such as reflection or shadows, on the pyranometer. The instrument 


characteristics are as follows: 


) Precision: + 0.05 cal/em?/min 


Oo Range: 0-2 cal/em?/min 
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oO Site 020 


Wind Speed and Direction 
The wind speed and direction apparatus used is the Model W1034 Low 


Threshold Recording Wind System by WeatherMeasure. The specifications 
are as follows: 


Wind Speed 


Starting Threshold: 0.6 mph 
Distant Constant: 5 feet 


Precision: + 0.2 mph or 1% (whichever is greater) 
Wind Direction 


Starting Threshold: 0.75 mph 
Distance Constant: 3.5 feet 


Precision: + 1° or 0.5% (whichever is greater) 


Temperature 


Same as described under Site 023, Temperature. 


Mixing Height, Inversion Height, and Stability Type 


An AeroVironment Model 300A acoustic radar is employed for the 
continuous measurement of the atmospheric mixing height, inversion height, 
and stability type. An acoustic enclosure is used to surround the antenna 
and thereby reduce any spurious noise received in the antenna side lobes. 


The specifications of the acoustic sounder are as follows: 


fc) Precision: + 10m 
° Range: 30-500 m 


Pi2B=416 


A value of "Os" on the data sheets indicates that the mixing height is at 
least 500 meters (the full scale of the instrument). 


oO Sites 042 and 056 


Wind Speed and Direction and Temperature 


The wind speed, wind direction, and temperature equipment employed 
is the Model 1071 Mechanical Weather Station manufactured by Meteorology 


Research. The equipment specifications are as follows: 


Wind Speed 
o Starting Threshold 0.75 mph 
) Response distance: 18 ft (63% recovery) 
fe) Flow Coefficient: 7.9 ft/revolution 
fe) Precision: + 2% 
Wind Direction 
° Starting Threshold: 0.75 mph 
Oo Delay Distance: 4 it (50% recovery) 
o Damping Ratio: 0.5 to 0.6 
fe) Precision: + 1% of full scale 
Oo Range: 0° to 540° 


Temperature 


Precision: + 2°C 
Range:  -35°C to 49°C 
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ra) Miscellaneous 


Upper Air Wind Speed and Direction, and Temperature 


The upper air wind speed and direction as a function of altitude are 
measured by tracking a pilot balloon by use of the double-theodolite 
technique. The theodolites used are manufactured by Warren-Knight. The 
specifications are as follows: 


fe) Precision: + 0.1° (elevation) 
+ 0.1° (azimuth) 

° Range: 0-90° (elevation) 
0-360° (azimuth) 


The upper air temperature as a function of altitude is obtained by 
attaching a temperature-sonde to a pilot balloon, and the signal transmitted 
from tne temperature-sonde is monitored by using a radio receiver. The 
temperature-sonde is manufactured by Aeromet. The specifications are as 
follows: | 


° Precision: + 66°C CHO to -5-C) 
#0.2 € (-5110'80-C) 


o Range:  -40 to +80°C 


The radio receiver is also manufactured by Aeromet. Its specifications are 


as follows: 


Oo Precision: + G22 
° Range: -50 to +50°C 


° Calibration 


Calibration of meteorological equipment is done off-site. The wind 


sensors are calibrated by use of an NBS traceable wind tunnel, the 
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temperature sensors by use of an NBS traceable thermometer, and the 
pressure sensors by use of an NBS traceable mercury barometer. The 


relative humidity sensor is calibrated by using a sling psychrometer. 


Daily check of the meteorological equipment is performed by 
comparing the monitored data with that of the local weather service when 
applicable. Also, the data obtained from the different levels of the 60- 


meter tower is compared for consistency check. 


1.3. Data Description . 


1.3.1 Description of Data Tables 


The data tabulations contain average values for each day, and the peak 
hourly average for the day. Along the bottom, the average for each hour, 
averaged over the month, is compiled. For these particular averages, there’ 
is no minimum data requirement (those averages are contained in Volume II). 
If a substantial amount of data is missing for any reason, the averages would 
be biased. Air quality is given in pug/ m? usually, with values for NO, 
computed on the basis of the molecular weight of NO., and those for HC and 


2 
THC based on the molecular weight for CH 


4° 

On the wind direction sheets, "PV" and "PREV" indicate prevailing 
wind direction divided into 16 sectors with a "1" indicating a prevailing 
direction between 348.5 and 11.0 degrees, a"2" corresponding to 11.5 to 34.0 
degrees, and so forth. (i.e., a "1" indicates wind from the 22.5° sector 
centered on N, a "2" indicates winds generally from the NNE, and "3" from 
the NE, etc. 


Symbols used on the data sheets are: 


CA Calibration 
MT Maintenance (changing paper, tape, filters) 
FO Flame out (on the gas chromatographs) 
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IM Instrument malfunction 


PF Power failure (generator failure, power outages) 

RF Recording system failure (chart jams, runs out, tape 
cassette fails, on-site computer goes down) 

LI _ Local interference (Car nearby, contamination by 
generator) 

OS Off scale (data not visible, within range of instru- 
ment/recorder; data presumed monitored) 

SE ' Special experiment (instrument off-line for bag sample 
analysis or removed for special measurements in area) 

VA Variable wind direction 

IN Interference (CO, interference on sulfur data, SO, 
interference in oxidant readings) 

NV Not visible 


See the attached example sheets. 
1.3.2 Data Acceptance Algorithm 


The EA chart recorder logs data once every 2-1/2 minutes giving about 
2&4 values per hour. Strip chart data is considered to represent the hour if 


more than 30 minutes of the record is valid. 


Data collected in the first 15 minutes after calibration is generally 
discarded. Data is considered erroneous if any of the status indication or 
the station log suggests instrument malfunctioning. In addition, air quality 
data collected in the first 15 minutes after a brief power outage (less than 


10 minutes), in the first hour after a medium duration outage (up to one 


. hour), or in the first four hours after longer outages, will be discarded as 


unreliable. Any anomalous data reflecting signal spikes or dropouts with a 
response rate faster than ascribable to atmospheric phenomena (e.g., a 
tripling of NO, levels from one scan to the next, followed by a return to the 
old level on the succeeding scan) will be deleted as an artifice caused by the 


system. 
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As an additional check, the calibrated data is also screened manually. 
First, data is scanned to detect extreme values. When a spurious value is 
located, it will be checked for its validity. In all cases when invalidated 
data is deleted, a record of these deletions is maintained. Only the 


validated data will be reported. 
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1.3.3 Data Precision and Lower Detection Limit 





Instrument Lower Limit 
Lower Detection Data of Data 
Parameter Instrument Limit Precision Validity 


Air Quality 


Meloy SA185-2A 10 g/m? 15 ug/m? 15 g/m? 
Meloy SA185-2 6 ug/m? | 6yg/m? 6 pg/m? 
Monitor Labs 8440E 2 ug/m? 5 ug/m? 5 ug/m? 
Monitor Labs 8400E 4 ug/m? 5 g/m? D pe/m? 
Noo NS 4 ug/m? 6 ug/m? 6 ye/m? 
Bendix 8200 70 ue/m? 70 ug/m? 70 g/m? 
Bendix 8200 70 ug/m? 70 pe/m? 70 yg/m? 
THC - CH, 70 ye/m? 90 g/m? 90 yg/m? 
Bendix 8200 0.1 mg/m? 0.1 mg/m? 0.1 mg/m 


~ Meloy OA 350-2 2 g/m? 20 g/m? 20 ug/m? 





GMWC-2000H 0.5 g/m? 6% or | pe/m>* I ug/m? 


Meteorology 


Wind Speed MRI 1074-2 0.5 m/s 1% or I m/s* 
(Site 023, 10m, 30m, 60m) 


MRI 1071 0.5 m/s 2% or 1 m/s* 
(Site 042, 056) 


Weathermeasure 0.5 m/s 1% or | m/s* 
W 1034 (Site 020) 
R.M. Young Bivane 21003 0.2 m/s 1 m/s 


Wind Direction MRI 1074-2 N/A 
(Site 023, 10m,30m,60m) 


MRI 1071 
(Site 042, 056) 
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Lower Limit 
of Data 
Validity 


Instrument 
Lower Detection 
Limit 






Data 
Precision 





Parameter Instrument 





Meteorology (Cont'd) 





Wind Direction Weathermeasure N/A ie N/A 


W 1034 (Site 020) 











R.M. Young 
Bivane 21003 








Temperature Weathermeasure -50°C he ae ey 2 


T621-TP18X (Site 023) 


MRI 1071 (Site 042,056) 






Delta 
Temperature 











MRI 840 N/A i? CC N/A 






R.M. Young 21003 
Gill Anemometer 






R.M. Young 21003 
Gil! Anemometer 























Relative Weathermeasure 0% 1% (20-80%) | 3% 
Humidity H324-S 3% (at 

extremes 
Barometric Weathermeasure B 242 462 mm Hg 1 mm Hg 462 mm Hg 





Pressure 





Solar Radiation Eppley Spectral 0 0.05 


2 flies Ia Ae 
Pyranometer cal/cm~/min cal/cm*”/min cal/cm”/min 






Mixing Height 
Inversion Height 
Stability Type 


AV 300A 30m 10m 30m 
Acoustic Radar 





*whichever is greater 
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Abbreviation 
(alphabetical order) 


BARP 
BHD1 
BHD3 
BSP1 
BSP3 
BST 1 
BST3 
BYDI 
BVD3 
BWS1 
BWS3 
CHS 
Co 
DT2 
HC 
H2S 
INV 
MIX 
NO 
NO2 
NOX 
O3 
PART 
RH1 
SOLR 
SO2 
STB1 
STB2 


Yooct AV Nomenclature for Components 


Component 


Barometric Pressure 

Bivane Horizontal WD at level 1 (10 m/30 ft.) 
Bivane Horizontal WD at level 3 (60 m/200 ft.) 
Bivane Sigma Phi at level 1 (10 m/30 ft.) 
Bivane Sigma Phi at level 3 (60 m/200 ft.) 
Bivane Sigma Theta at level 1 (10 m/30 ft.) 
Bivane Sigma Theta at level 3 (60 m/200 ft.) 
Bivane Vertical WD at level | (10 m/30 ft.) 
Bivane Vertical WD at level 3 (60 m/ILO ft.) 
Bivane Wind Speed at level 1 (10 m/30 ft.) 
Bivane Wind Speed at level 3 (60 m/200 ft.) 
Methane 

Carbon Monoxide 

Delta T#2 (Temperature at 60 m - Temperature at 10 m) 
Hydrocarbons (corrected for methane) 
Hydrogen Sulfide | 

Invension Height 

Mixing Height 

Nitric Oxide 

Nitrogen Dioxide 

Oxides of Nitrogen 

Ozone 

Particulates (24 hour average) 

Relative Humidity at level | (1 m/3 ft.) 

Solar Radiation (sky only) 

Sulfur Dioxide 

Stability Type at level 1 (50 m) 

Stability Type at level 2 (200 m) 
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STH3 
STH4 
TEM2 
TEM3 
TEM4 
THC 
WD2 


WD3 


WD4 
WS2 
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WS4 


Sigma Theta at level 2 (10 
Sigma Theta at level 3 (30 
Sigma Theta at level 4 (60 
Temperature at level 2 (10 
Temperature at level 3 (30 
Temperature at level 4 (60 
Total Hydrocarbons 


m/30 ft.) 
m/200 ft.) 
m/200 ft.) 
m/30 ft.) 
m/100 ft.) 
m/200 ft.) 


Wind Direction at level 2 (10 m/30 ft.) 


Wind Direction at level 3 (30 m/100 ft.) 
Wind Direction at level 4 (60 m/200 ft.) 


Wind Speed at level 2 (10 m/30 ft.) 
Wind Speed at level 3 (30 m/100 ft.) 
Wind Speed at level 4 (60 m/200 ft.) 
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1.4 Descriptive Regional Meteorological Summary 


February 1978 


Temperatures for February were close to normal. The daylight hours 
were slightly below average with the nighttime somewhat above the average 
at Grand Junction which would indicate more than the usual amount of 
cloudiness. The Pacific ridge built up at midmonth, but Colorado's position 
was such that stationary frontal patterns between the Pacific Maritime air 


mass and the cold continental regime alternated over the tracts during this 
period. 


Precipitation was about average. The frontal patterns originated from 
the moist Pacific to the west during the first half of the month and showers 


continued when the stationary front oscillated back and forth across the 
state after midmonth. 
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PREFACE 


This volume is the final submission of data acquired during the air 
quality/meteorology portions of the monitoring program for oil shale tract 
C-b. The period covered runs from | February through 28 February 1978. 


This report is divided into two volumes. Volume I contains all of the 


basic data (hourly averages). Volume II contains all of the computer analysis 
reports. 
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SECTION 1.0 


GENERAL 
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1.0 GENERAL 
1.1 Introduction 


AeroVironment Inc. is performing an air quality and meteorological 
measurement program on the C-b shale oil tract for C-b Shale Oil Venture. 
Various parameters of air quality and meteorological data are collected at a 
network of sites. A listing of data collected during this month is contained 


in Section 1.3 of Volume I. 


1.2 Description of Reports 


1.2.1 Downtime Hours Report 


This report calculates the numbers of hours of downtime by component 


and by site for each day. Downtime hours are: 


MT (Maintenance) 

FO (Flame Out) 

IM (Instrument Malfunction) 
PF (Power Failure) 

RF (Recording Failure) 

SE (Special Experiment) 


Uptime hours are: 


Numerical data values 
CA (Calibration) 

LI (Local Interference) 
OS (Off Scale) 

IN (Interference) 

VA (Variable) 

NV (Not Visible) 
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See section 1.3.1 for additional description of the Jetter codes. Hours before 
an instrument began operation are ignored. Percentage efficiency is the 


number of hours of uptime divided by total hours of data expected. 


I Stability Class from AT Report 


Hourly values of stability class have been defined by using the 
Pasguill-Gifford stability classes. (Classes A—G) with Class A being the 
most unstable and Class G the most stable. They are determined from AT 


and corrected for wind speed according to the following formulas: 
" Class : AT CC/100rn) 


o< -1.9 
~1.9 10 = 1.7 
- 1.7 to- 1.5 
~- 1.5 to- 0.5 
-O0.5to 1.5 
L5to 4.0 
> 4.0 


on Mm of oS 


Wind Speed Adjustment 


Stability Wind "Adjusted 
From AT Speed (WS) Stability" 
: m/s . 

A WS< 2.00 A 
2.00<WS<5.00 B 
5.00<WS<6.00 Cc 
WS> 6.00 D 

B WS<5.00 B 
5.00<WS<6.00 C 
WS> 6.00 D 

c  WS< 6.00 Cc 
WS> 6.00 D 

D ALL SPEEDS D 

E WS< 5.00 E 
WS> 5.00 D 
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Cd 


)) 


‘ printed in its place. 


Stability =e ind” | 


"Adjusted 
From AT Speed (\VS) Stability" 
m/s 
F WS< 3.00 F 
3.00<WS< 5.00 E 
WS>5.00 . D 


Letter codes are used when the stability class cannot be determined 
(as when there is no AT data). If the wind speed data does not exist, the 
stability class will still be determined, but it will not be corrected for wind 


speed. These hours can be determined by looking for the maliunction codes 


in the next report, "Wind Speed and Direction by Stability Class". 


5 ey Wind Speed and Direction by Stability Class Report 


‘The hourly wind “speed and direction (unit vector averaged) is 


determined for each hour of stability class data. A separate report is 


produced for each stability class, so wind speed and direction will only be 
printed in the hours where that particular stability class exists. If wind 
speed data does not exist, a malfunction code (see Section 1.3.1) will be 
The stability class will still be determined on the 
stability class report, however it will not be corrected for wind speed. If 


wind direction data does not exist, malfunction codes are printed in their 


place. Since a separate report is prepared for each stability class, blanks 


between brackets indicate that the hour in question is not. the stability class 


’ of that report. 


1.2.4 Five Maximum Independent Sliding Averages Report 


The five highest sliding averages in a month are determined for each 


of the various air quality parameters for the periods for which there is a 
standard: 


It B=595 


( 


O 


Component Ps : Averaging Time 


Ozone lhour - € 
Carbon Monoxide 


1 hour, 8 hours 
Sulfur Dioxide 3 hours, 24 hours 


Particulates 24 hours 
Hydrocarbon (corrected 


for methane)’ 3 hours (6-9 am only) 


The average is a"sliding average" for all averaging periods greater 
than 1 hour. 


Thus the first 3 hour -average checked would be hours 00 
through 07, the second one checked would be OI through 08, and so forth. 
After the highest average has been determined, none of those values (8 in 
the case of an 8 hour average) would be used to determine the second 
highest average. Thus, a single high hourly average will only effect a single 


independent sliding average, no matter what the averaging period is. 


-The minimum sample size for determining these averages is: 


— 
\ 
\ 


Time Interval Minimum number of observations 


3-hour running average 3 consecutive hourly observations 


$-hour running average 6 hourly observations 


24-hour - 18 hourly observations 

Monthly 21 daily averages , 
Quarterly 3 consecutive monthly averages 
Yearly | 


9 monthly averages with 
at Jeast two monthly averages 


per quarter. 


(From the EPA Quality Assurance Handbook). 
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1.3. Data Description 
1.3.1 Description of Data Symbols 


Symbols used on the data sheets are: 


CA Calibration 

MT Maintenance (changing paper, tape, filters) 

FO Flame out (on the gas chromatographs) 

IM | Instrument malfunction 

PF Power failure (generator failure, power outages) 

RF Recording system failure (chart jams, runs out, tape 


cassette fails, on-site computer goes down) 


LI Local interference (Car nearby, contamination by 
generator) 
OS Off scale (data not visible, within range of instru- 


ment/recorder; data presumed monitored) 

SE Special experiment (instrument off-line for bag sample 
analysis or removed for special measurements in area) 

VA Variable wind direction 

IN Interference (CO, interference on sulfur data, SO, 
interference in oxidant readings) 

NV Not visible 


See the attached example sheets. 

1.3.2 Data Acceptance Algorithm 

The EA chart recorder logs data once every 2-1/2 minutes giving about 
24 values per hour. Strip chart data is considered to represent the hour if 
more than 30 minutes of the record is valid 

Data collected in the first 15 minutes after calibration is generally 
discarded. Data is considered erroneous if any of the status indication or 


the station log suggests instrument malfunctioning. In addition, air quality 


data collected in the first 15 minutes after a brief power outage (less than 
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10 minutes), in the first hour after a medium duration outage (up to one 
hour), or in the first four hours after longer outages, will be discarded as 
unreliable. Any anomalous data reflecting signal spikes or dropouts with a 
response rate faster than ascribable to atmospheric phenomena (e.g., a 
tripling of NO, levels from one scan to the next, followed by a return to the 
old level on the succeeding scan) will be deleted as an artifice caused by the 


system. 


As an additional check, the calibrated data is also screened manually. 
First, data is scanned to detect extreme values. When a spurious value is 
located, it will be checked for its validity. In all cases when invalidated 
data is deleted, a record of these deletions is maintained. Only the 


validated data will be reported. 
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1.2.5 Monthly and Daily Averages 


A separate report was created to produce daily and monthly averages 
of all parameters. Unlike the averages printed on the hourly tables (in 
Volume I), the averages in this report must have 50% of the values except 


for temperature and relative humidity which require 75% because of possible 
diurnal bias. 


1.2.6 Monthly and Daily Vectorial Wind Averages Report 


This report calculates true vectorial wind averages for both wind speed 
and direction. The hourly tables in Volume I use a standard mean for wind 


speed and a unit vector average (vectorial average where wind speed is set 
equal to 1) for wind direction. 
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1.3.3 Data Precision and Lower Detection Limit 


Instrument : Lower Limit 
Lower Detection Data of Data 
Parameter Instrument Limit Precision Validity 





Air Qualit 


Meloy SA185-2A 15 g/m? 15 yg/m? 
Meloy SA185-2 6yg/m? 6 g/m? 
Monitor —“ 8440E 5 g/m? 5 ug/m? 
Monitor Labs 8400E 5 g/m? 5 g/m? , 
NO. - NO 6 g/m? 6 ug/m? 
Bendix 8200 . 70 ug/m? 70 yg/m> 
Bendix 8200 70 g/m? 70 wg/m- 
THC - CH, | 90 yg/m? 90 g/m? 
Bendix 8200 0.1 mg/m? | 0.1 mg/m= 
Meloy OA 350-2 20 g/m? 20 g/m? | 
GMWC-2000H 6% or I ug/m>* I ug/m? 





Meteorology 


Wind Speed MRI 1074-2 0.5 m/s 1% or 1 m/s* 
(Site 023, 10m, 30m, 60m) 


MRI 1071 0.5 m/s 2% or 1 m/s* 
(Site 042, 056) 


Weathermeasure 0.5 m/s 1% or 1 m/s* 
W 1034 (Site 020) 
R.M.. Young Bivane 21003 0.2 m/s I m/s 


Wind Direction MRI 1074-2 N/A 
(Site 023, 10m,30m,60m) 


MRI 1071 
(Site 042, 056) 
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Instrument Lower Limtr 
Lower Detection Data of Data 
Parameter Instrument Limit Precision Validity 





Meteorology (Cont'd) 


Wind Direction Weathermeasure N/A 19 N/A 
W 1034 (Site 020) 
3 R.M. Young N/A ” N/A 
Bivane 21003 
Temperature Weathermeasure 50°C Sess, a gs 
T621-TP18X (Site 023) 
MRI 1071 (Site 042,056) -35°C °C Sg = 
Delta : F 
Temperature MRI 840 N/A C2 N/A 
oO | R.M. Young 21003 N/A i N/A 
g Gill Anemometer 
o R.M. Young 21003 N/A re N/A 
® Gill Anemometer 
Relative Weathermeasure 0% 1% (20-80%) 3% 
Humidity H324-S 3% (at 
extremes 
Barometric Weathermeasure B 242 462 mm Hg 1 mm Hg 462 mm H 
Pressure 
Solar Radiation Eppley Spectral 0 > 0.05 - 0.05 > 
Pyranometer . cal/cm”/min cal/cm*/min  cal/cm 
Mixing Height AV 300A 30 m 10m 30 m 
Inversion Height Acoustic Radar 


Stability Type. 


*whichever is greater 
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1.3.4 AV Nomenclature for Components 


Abbreviation 

(alphabetical order) Component 

BARP | Barometric Pressure 

BHD1 Bivane Horizontal WD at Jevel 1 (10 m/30 ft.) 
BHD3 Bivane Horizontal WD at Jevel 3 (60 m/200 ft.) 
BSP] | Bivane Sigma Phi at level 1 (10 m/30 it.) 

BSP3 : Bivane Sigma Phi at level] 3 (60 m/200 ft.) © 

BST1 Bivane Sigma Theta at Jevel 1 (10 m/30 ft.) 

BST3 _.  .Bivane Sigma Theta at level 3 (60 m/200 it.) 

BVD1 _ Bivane Vertical WD at level 1 (10 m/30 ft.) 

BVD3 Bivane Vertical WD at level 3 (60 m/10 ft.) 

BWS! Bivane Wind Speed at level I (10 m/30 ft.) 

BWS3 Bivane Wind Speed at level 3 (60 m/200 ft.) a 
CH4 Methane | : 
CO Carbon Monoxide Boe 2. 
DT2 Delta T#2 (Temperature at 60 m - Temperature at 10 m 
HC Hydrocarbons (corrected for methane) 

H2S Hydrogen Sulfide 

INV Invension Height 

MIX Mixing Height 

NO Nitric Oxide 

NO2 - - Nitrogen Dioxide 

NOX | Oxides of Nitrogen 

O3 - Ozone 

PART Particulates (24 hour average) 

RHI Relative Humidity at level 1 (1 m/3 ft-) 

SOLER Solar Radiation (sky only) 

SO2 Sulfur Dioxide 

STBI Stability Type at level I (50 m) 

STB2 Stability Type at level 2 (200 m) = 
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STH2 
STH3 
STH4 


TEM2 — 


TEM3 
TEM4 
THC 
WD2 
WD3 
WD4 
WS2 
WSs3 
WS4 


Sigma Theta 
Sigma Theta 
Sigma Theta 
Temperature 
Temperature 


Temperature 


at 
at 
at 
at 
at 


at 


Jevel 2 
level 3 
level] 4 
Jevel 2 
level 3 
level 4 


Total Hydrocarbons 


Wind Direction at Jevel 
Wind Direction at Jevel 


Wind Direction at level 


J 


(10 m/30 ft.) 
(30 m/200 ft.) 
(60 m/200 ft.) 
(10 m/30 it.) 
(30 m/100 it.) 
(60 m/200 ft.) 


2 (10 m/30 ft.) 
3 (30 m/100 ft.) 
& (60 m/206 £t.) 


Wind Speed at level 2 (10 m/30 fit.) 
Wind Speed at Jeve] 3 (30 m/J00 ft.) 
Wind Speed at level 4 (60 m/200 it.) 
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SECTION 2.0 © 


REPORTS 
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II B-639 


PREFACE 


This volume is the final submission acquired during the air quality/ 
meteorology portions of the monitoring program for oil shale tract C-b. The 
period covered runs from 1 March through 31 March 1978. 


This report is divided into two volumes. Volume I contains all of the 


basic data (hourly averages). Volume II contains all of the computer analysis 
reports. 
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3.1.4 Methane (CH,) 

Bic Hydrocagbons (methane-reduced) (HC = THC - CH 4)» expressed 
as pg/m~ of CH, 

3.1.6 Carbon Monoxide (CO) 
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Not all sites measure all of these parameters. 
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1.0 GENERAL 
1.1 Introduction 


AeroVironment Inc. is performing an air quality and meteorological 
measurement program on the C-b shale oil tract for C-b Shale Oil Venture. 
Various parameters of air quality and meteorological data are collected at a 
network of sites. A listing of data collected during this month is contained 
in Section 1.3. 


1.2 Description of Instrument Systems 


i221 Air Quality Instrumentation 


The ambient air sample is drawn in through a glass cane and manifold 
supplied by the Ace Glass Company. The system has a 25 mm diameter, 
through which an air flow is provided by an air pump rated at 60 cfm. The 
manifold has sampling ports to which 1/4" tefion lines are connected to the 
air quality instruments. All jcints in the sampling system are secured by O- 
ring compression fittings. The following are the air quality instruments 


used: 


fo) Oxides of Nitrogen 


Oxides of nitrogen are measured by use of a Monitor Labs Model 8440E 
analyzer. Operating on the chemiluminescent principle, this dual-channel 
analyzer continuously monitored both NO, and NO. The NO, value is 
calculated by the off-site computer by subtracting the NO value from the 
NO, value. Designated by the EPA as a reference instrument, it has a lower 


detection limit of 2 parts per billion (ppb) and a linearity of + 1%. 
fe) Sulfur Dioxide 


Sulfur dioxide is continuously measured with a Meloy Model SA185—2A 
sulfur analyzer equipped with a Meloy Model H5s-1 hydrogen sulfide 
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scrubber. This instrument utilizes the principle of flame photometric 
detection (FPD) for operation. It is designated by EPA as an equivalent 
instrument. The instrument has a lower detection limit of 5 ppb and a 
linearity of + 1%. 


re) Hydrogen Sulfide 


Hydrogen sulfide is monitored continuously by using a Meloy Model 
SA185-2 equipped with a Meloy Model SO,-1 sulfur dioxide scrubber. It also 
utilizes the FPD principle, and its lower detection limit is 5 ppb and 
linearity + 1%. 


° Ozone 


Ozone is measured continuously by using a Meloy Model OA350 
analyzer. Based on the chemiluminescent principle, it has a lower detection 
limit of 1 ppb and a linearity of + 1%. 


re) Hydrocarbons and Carbon Monoxide ' 


Total hydrocarbons, methane, and carbon monoxide are monitored by 
use of a Bendix Model 8200 analyzer. This instrument utilizes the gas 
chromatography-flame ionization detection principle, and measures each 
parameter once every five minutes. The non-methane hydrocarbon value is 
obtained by subtracting the methane value from the total hydrocarbon value. 
This instrument has a lower detection limit of 100 ppb for all three 


components. 


re) Total Suspended Particulates 


A General Metal Works Model 2000 high volume sampler and glass 
fiber filter paper are employed to collect the ambient air total suspended 
particulates. The high volume sampler is turned on and off by a timer, once 


every three days, from midnight to midnight. Thus, a 24-hour integrated 
sample is collected. 
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The glass fiber filter paper is conditioned in a humidity controlled 
chamber for at least 24 hours before it is weighed. This procedure applies to 
both before and after it is exposed to the ambient air. The weighing is 
carried out by using a Torbal Model EA-1-AP balance. | 


A Dickon recorder is used to record the high volume sampling flowrate 


throughout the 24-hour sampling period. 


EZ.2 Air Quality Equipment Calibration Procedures 


re) Daily Zero and Span Check 


A Meloy Model RAD-1 calibration unit is used to perform the daily 
zero and span check on the NO/NO,; SO,, and HS analyzers. This 
instrument provides a zero air supply, SO, span gas from an SO, permeation 
tube, and NO span gas obtained by precisely diluting bottled NO span gas. 
Tne zero and span checks of all instruments are manually performed once a 
day. Each instrument is first switched to zero and the zero value is 
recorded on the multipoint chart recorders. After a stable zero signal has 
been obtained, a span gas is supplied to each channel until a stable span 
value has been reached. This value is recorded on the multipoint chart 
recorders. Both the zero and span values should be within the tolerance 
limit specified; otherwise, the analyzer is recalibrated. The instruments are 


then returned to the monitor mode. 


The bottled NO span gas used for this purpose was obtained from 
Precision Gas Products. The SO, permeation tubes were manufactured by 


Metronics Associates, Inc. 


The Model OA350 ozone analyzer has its own calibration system, which 
provides a zero check and a span check. The Zero and span check is also 


done manually once a day. 


The Model 8200 total hydrocarbon, methane, and carbon monoxide 


analyzer is calibrated with undiluted span gas obtained from Scott-Merrin. 
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This span gas contains methane and carbon monoxide in air; the methane 
being used to calibrate both the total hydrocarbon channel and the methane 
channel. The Model 8200 is zeroed with air from a Bendix Model 8334 zero 
air unit. In addition, the instrument is electronically re-zeroed at the start 
of every five-minute cycle. 


re) Multi-Point Calibration 


Monthly multi-point calibrations of all air quality instruments are 
performed. The purpose of the monthly calibration is two-fold: 1) to check 
the instrument linearity, and 2) to assign the values of the on-site 
calibration sources so that they are NBS traceable. 


The air quality instruments for SO; HS, Oz, and NO/NO,. are 
dynamically calibrated by use of a Monitor Labs Model 8500 Dynamic 
Calibration System. This calibrator utilizes the permeation principle for 
SO, and HS, ozonation of air for ozone, and dilution of concentrated NO to 
ambient level NO, and can perform gas phase titration of NO and O03 for 
NO, calibrations. It is capable of producing stable concentrations for the 
purpose of calibration of the instruments. For the THC/CH,/CO instru- 
ments, three cylinders of gases containing approximately 0, 4, and 8 ppm of 


CH, and CO are used to calibrate the analyzers. 


The calibrator's SO, permeation tube output is calibrated quarterly by 
using the EPA-prescribed pararosaniline method (Federal Register, Vol. 36, 
No. 84, Part II, April 30, 1971); HS output by the cadmium hydroxide 
stractan method (Intersociety Committee, American Public Health Associa- 
tion, Washington, D.C., 1972); and O, output by the EPA-prescribed 1% 
neutral buffered potassium iodide (NBKI) method (Federal Register, ibid). 
The concentrated NO cylinder used (~ 100 ppm) is NBS traceable, and the 
traceability is maintained by re-analyzing the cylinder once every six 
months by using an NBS cylinder. The dilution system of the calibrator is 
checked once every three months by using an NBS traceable test meter. The 
NO dilution output from the calibrator is further calibrated quarterly by use 


of the Saltzman method (Intersocity Committee, ibid). 
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Cylinders used to calibrate THC/CH,,/CO instruments are NBS 
traceable. The traceability is maintained by re-analyzing the cylinders once 
every six months by using an NBS cylinder. 


The high volume sampler is calibrated monthly by use of a set of 
resistance plates which, in turn, is calibrated by using an NBS traceable 
Roots Meter once a year. The balance used for weighing glass fiber filters is 
calibrated quarterly by using a set of NBS traceable weights. 


1227.3 Data Acquisition System 


Esterline Angus Model E1124E multipoint chart recorders are used as 
primary recording means to monitor data. The EA chart recorder logs data 
at 2-1/2-minute intervals. The data reflects the real time value at that 
instant. 


2.4 Meteorological Instruments 


re) Site 023 


The meteorological tower itself is a 60-meter Rohn Model 80 Guyed 
Tower, designed for 40 pounds per square foot wind load with 1/2" of radial 
ice per EIA Standard RS-222-B, to support four levels of meteorological 
equipment. The material consists of tower sections with a tapered base, 
three retractable booms 12 feet long, three outside work platforms, an 
. inside ladder for climbing, two base ground kits, and one anchor ground kit. 
The cable-type Safety Climbing Device consists of a cable and attachment 
mechanisms with a locking sleeve and safety belt. The tower is lighted and 


painted according to FAA specification. 


All instrumentation, except at the ground level, is mounted at the end 
of 12-foot retractable booms. These booms are 3-inch box beams which are 


on rollers and can be retracted to the instrument platforms for instrument 


maintenance. 
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The tower has instrumentation at three levels: 10m, 30 m, and 60 m. 
There were wind speed and direction sensors at all three levels, and 
temperature, Gp and G, at the 10m and 60m levels. Relative humidity, 
solar radiation and barometric pressure sensors are at the ground level. 
Temperature difference thermistors and their associated circuitry took lapse 
rate measurements for the 10 m to 60 m layer. 


Wind Speed and Direction 


The wind direction and speed apparatus used at each measurement 
level of the tower is the Model 1074-2 wind sensor by Meteorological 
Research, Inc. (MRI). This sensor has a 540° potentiometer for wind 
direction and a light chopper for wind speed. This sensor is rugged, with an 
all-weather cup and damped vane assembly. The wind sensors on the tower 
have been specially treated with a black paint which will promote warming 
of the exposed surfaces of the sensor and thereby reduce ice and snow 
accumulations on the moving parts of the apparatus. The specifications on 
the Model 1074-2 are as follows: 


Wind Speed 


Starting Threshold: 0.75 mph. 
Response Distance: 18 feet (63% recovery) 
Flow Coefficient: 7.9 feet/Revolution 


o Oo 98 9 


Precision: + 0.4 mph or 1% (whichever is greater) 
Wind Direction 


Starting Threshold: 0.75 mph 

Delay Distance: 4 feet (50% recovery) 
Damping Ratio: 0.5 to 0.6 

Precision (540° system): +1% 

Range: 0° to 540° 


© 76) #0) 30) Co 
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Temperature 


The temperature sensors are mounted within a power-aspirated 
radiation shield at each tower level. The sensors are of the Model 3840 by 
MRI. The aspirated shielded housing is designed to provide maximum 
radiation protection to the sensor. The temperature sensor provides a linear 
resistance change with an air temperature change. The specifications on the 
sensing elements are as follows: 


° Precision: + O°C 
o Range: -50°C to +50°C 


Delta Temperature 


Measurements of temperature differences ( AT) are taken for the 10m 
to 60m layer by using the MRI Model 840 systems. Both of the AT 
thermistors are mounted within power-aspirated radiation shields. The 
specifications on the AT equipment are as follows: 


° Precision: + 02°C 
© Range of AT Circuit: -5°C to +5°C 


Relative Humidity 
The relative humidity is monitored by using a WeatherMeasure H321-S 
hair hygrograph. It uses the time-tested human hair bundle as the sensor for 


relative humidity. The precision and range are as follows: 


fe) Precision: + 1% from 20% to 80%; + 3% at extremes 
° Range: 0 to 100% 
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Barometric Pressure 


The barometer is the B242 Analog Output Barometer by Weather- 
Measure. This barometer provides an output voltage that is linearly 
proportional to pressure. The specifications on the instrument are as 
follows: 


° Precision: + 1 mm Hg 
° Range: 550-627 mm Hg 


Solar Radiation 


The pyranometer at the site is the Eppley Precision Spectral 
Pyranometer. This instrument is used for the measurement of sun and sky 
radiation totally or in defined wavelength bands. The pyranometer is 
levelled and mounted atop a wooden stand 1 meter from the ground surface. 
Care has been taken to eliminate the effects from all outside influences, 
such as reflection or shadows, on the pyranometer. The instrument 


characteristics are as follows: 


© Precision: + 0.05 cal/em?/min 
° Range: 0-2 cal/em?/min 
° Site 020 


Wind Speed and Direction 
The wind speed and direction apparatus used is the Model W1034 Low 


Threshold Recording Wind System by WeatherMeasure. The specifications 
are as follows: 


Wind Speed 


° Starting Threshold: 0.6 mph 
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° Distant Constant: 5 feet 


° Precision: + 0.2 mph or 1% (whichever is greater) 


| Wind Direction 


Starting Threshold: 0.75 mph 


Distance Constant: 3.5 feet 


Precision: + 1° or 0.5% (whichever is greater) 

Temperature 

Same as described under Site 023, Temperature. 
Mixing Height, Inversion Height, and Stability Type 

An AeroVironment Model 300A acoustic radar is employed for the 
continuous measurement of the atmospheric mixing height, inversion height, 
~ and stability type. An acoustic enclosure is used to surround the antenna 
and thereby reauce any spurious noise received in the antenna side lobes. 


The specifications of the acoustic sounder are as follows: 


° Precision: + 10m 
fe) Range: 30-500 m 


A value of "OS" on the data sheets indicates that the mixing height is at 
least 509 meters (the full scale of the instrument). 


° Sites 042 and 056 


Wind Speed and Direction and Temperature 
The wind speed, wind direction, and temperature equipment employed 


is the Model 1071 Mechanical Weather Station manufactured by Meteorology 


Research. The equipment specifications are as follows: 
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Wind Speed 
fo) Starting Threshold 0.75 mph 
° Response distance: 18 ft (63% recovery) 
Oo Flow Coefficient: 7.9 ft/revolution 
° Precision: + 2% 
Wind Direction 
fo) Starting Threshold: 0.75 mph 
) Delay Distance: 4 ft (50% recovery) 
fe) Damping Ratio: 0.5 to 0.6 
° Precision: + 1% of full scale 
° Range: 0° to 540° 
Temperature 
ae co 
° Precision: +2 C 
Range:  -35°C to 49°C 
° Miscellaneous 


Upper Air Wind Speed and Direction, and Temperature 


The upper air wind speed and direction as a function of altitude are 
measured by tracking a pilot balloon by use of the double-theodolite 
technique. The theodolites used are manufactured by Warren-Knight. The 


specifications are as follows: 


o Precision: + 0.1° (elevation) 
+ 0.1° (azimuth) 

a) Range: 0-90° (elevation) 
0-360° (azimuth) 
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The upper air temperature as a function of altitude is obtained by 
attaching a temperature-sonde to a pilot balloon, and the signal transmitted 
from the temperature-sonde is monitored by using a radio receiver. The 


temperature-sonde is manufactured by Aeromet. The specifications are as 
follows: 


oO Precision: + O4°C (-40 to -5°C) 
+ 0.2°C (-5 to 80°C) 
° Range: -40 to +80°C 


The radio receiver is also manufactured by Aeromet. Its specifications are 
as follows: 


° Precision: + 02% 
° Range: -50 to +50°C 


° Calibration 


Calibration of meteorological equipment is done off-site. The wind 
sensors are calibrated by use of an NBS traceable wind tunnel, the 
temperature sensors by use of an NBS traceable thermometer, and the 
pressure sensors by use of an NBS traceable mercury barometer. The 


relative humidity sensor is calibrated by using a sling psychrometer. 


Daily check of the meteorological equipment is performed by 
comparing the monitored data with that of the local weather service when 
applicable. Also, the data obtained from the different levels of the 60- 


meter tower is compared for consistency check. 
1.3 Data Description 
1.3.1 Description of Data Tables 


The data tabulations contain average values for each day, and the peak 


hourly average for the day. Along the bottom, the average for each hour, 
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averaged over the month, is compiled. For these particular averages, there 
is no minimum data requirement (those averages are contained in Volume II). 
If a substantial amount of data is missing for any reason, the averages would 
be biased. Air quality is given in pg/ m? usually, with values for NO, 
computed on the basis of the molecular weight of NO5, and those for HC and 
THC based on the molecular weight for CHy,- 


On the wind direction sheets, "PV" and "PREV" indicate prevailing 
wind direction divided into 16 sectors with a "1" indicating a prevailing 
direction between 348.5 and 11.0 degrees, a "2" corresponding to 11.5 to 34.0 
degrees, and so forth. (i.e., a "1" indicates wind from the 22.5° sector 


centered on N, a "2" indicates winds generally from the NNE, and "3" from 
the NE, etc. 


Symbois used on the data sheets are: 


CA _ Calibration 

MT Maintenance (changing paper, tape, filters) 

FO Flame out (on the gas chromatographs) 

IM Instrument malfunction 

Pr - Power failure (generator failure, power outages) 

RF Recording system failure (chart jams, runs out, tape 
cassette fails, on-site computer goes down) 

LI Local interference (Car nearby, contamination by 
generator) 

OS Off scale (at top of chart data value greater than, 


range of instrument) _ 


SE Special experiment (instrument off-line for bag sample 
analysis or removed for special measurements in area) 

VA Variable wind direction 

IN Interference (Co, interference on sulfur data, SO, 


interference in oxidant readings) 


NV Not visible (data not visible, within range of instrument/recerder 
data presumed monitored) | 


See the attached example sheets. 
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1.3.2. Data Acceptance Algorithm 


The EA chart recorder logs data once every 2-1/2 minutes giving about 


24 values per hour. Strip chart data is considered to represent the hour if 
more than 30 minutes of the record is valid 


Data collected in the first 15 minutes after calibration is generally 
discarded. Data is considered erroneous if any of the status indication or 
the station log suggests instrument malfunctioning. In addition, air quality 
data collected in the first 15 minutes after a brief power outage (less than 
10 minutes), in the first hour after a medium duration outage (up to one 
hour), or in the first four hours after longer outages, will be discarded as 
unreliable. Any anomalous data reflecting signal spikes or dropouts with a 
response rate faster than ascribable to atmospheric phenomena (e.g., a 
tripling of NO, levels from one scan to the next, followed by a return to the 
old level on the succeeding scan) will be deleted as an artifice caused by the 
system. 


As an additional check, the calibrated data is also screened manually. 
First, data is scanned to detect extreme values. When a spurious value is 
located, it will be checked for its validity. In all cases when invalidated 
data is deleted, a record of these deletions is maintained. Only the 
validated data will be reported. 
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ees Pie. Data Precision and Lower Detection Limit 


Instrument Lower Limit 
Lower Detection Data of Data 
Parameter Instrument Limit Precision Validity 


Air Quality 


Meloy SA185-2A 15 ug/m? 15 ug/m? 
Meloy SA185-2 6ug/m? 6 ug/m? 
Monitor Labs 8440E p) ug/m? 5 ye/m? 
Monitor Labs 8400E 5 g/m? 5 ug/m? 
NO, - NO 6 yg/m? 6 ug/m? 
Bendix 8200 : 70 ug/m? 70 ug/m? 
Bendix 8200 70 ug/m? 70 ug/m? 
NMHC THC)= CH 90 ug/m? 90 g/m? 
Bendix 8200 0.1 mg/m? 0.1 mg/m? 


Meloy OA 350-2 20 g/m? 20 g/m? 


GMWC-2000H 6% or 1 yg/m?* 1 g/m? 


Meteorology 


Wind Speed MRI 1074-2 0.5 m/s 1% or 1 m/s* 
(Site 023, 10m, 30m, 60m) 


MRI 1071 0.5 m/s 2% or 1 m/s* 
(Site 042, 056) 


Weathermeasure © 0.5 m/s 1% or 1 m/s* 
W 1034 (Site 020) 

Wind Direction MRI 1074-2 N/A 
(Site 023, 10m,30m,60m) 


MRI 1071 
(Site 042, 056) 
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Lower Limit 
of Data ; 
Validity 


Meteorology (Cont'd) 


Wind Direction 


Instrument 
Lower Detection 
Limit 





Data 
Precision 





Parameter Instrument 







Weathermeasure N/A 1° N/A 
W 1034 (Site 020) 





















Temperature MRI 840 (site 023) -50°C °C -50°C 

MRI 1071 (Site 042,056) -35°C °c -35°€ 
Delta : a 
Temperature MRI 840 | N/A 0.2°C N/A 
Relative Weathermeasure 3% 1% (20-80%) | 3% 
Humidity H324-S 3% (at 

extremes 

Barometric Weathermeasure B 242 462 mm Hg 1 mm Hg 462 mm Hg 
Pressure 
Solar Radiation Eppley Spectral 0.05 5 0.05 2 0.05 5 

Pyranometer cal/cm”/min calfcm*/min  cal/cm”/min 
Mixing Height AV 300A 30 m 10 m 30 m 


Inversion Height 
Stability Type 


Acoustic Radar 


_ *whichever is greater 
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Abbreviation 
(alphabetical order) 


BARP 4. 
CH4 
CO 
DT2 
HC 
H2S 
INV 
MIX 
NO 
NO2 
NOX 
O3 
PART 
RH1 
SOLR 
SO2 
STB1 
STB2 
TEM2 
TEM3 
TEM4% 
THE 
WD2 
WD3 
WD4 
WS2 
WS3 
WS4 
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1.3.4 AV Nomenclature for Components 


Component 


Barometric Pressure 

Methane 

Carbon Monoxide 

Delta T#2 (Temperature at 60 m - Temperature at 10 m) 
Hydrocarbons (corrected for methane) 
Hydrogen Sulfide 

Invension Height 

Mixing Height 

Nitric Oxide 

Nitrogen Dioxide 

Oxides of Nitrogen 

Ozone 

Particulates (24 hour average) 
Relative Humidity at level | (1 m/3 ft.) 
Solar Radiation (sky only) 

Sulfur Dioxide 

Stability Type at level 1 (50 m) 

Stability Type at level 2 (200 m) 
Temperature at level 2 (10 m/30 ft.) 
Temperature at level 3 (30 m/100 ft.) 
Temperature at level 4 (60 m/200 ft.) 
Total Hydrocarbons 

Wind Direction at level 2 (10 m/30 ft.) 
Wind Direction at level 3 (30 m/100 ft.) 
Wind Direction at level 4 (60 m/200 ft.) 
Wind Speed at level 2 (10 m/30 ft.) 

Wind Speed at level 3 (30 m/100 ft.) 
Wind Speed at level 4 (60 m/200 ft.) 
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1.4 Descriptive Regional Meteorological Summary 


March 1978 


March continued the pattern of storminess that had been established 
two months earlier. Precipitation was reported somewhere in the area at 
least half of the month with moisture amounts above normal. The tract area 
was right in line of the frontal passages, and was likely to receive good 
amounts of moisture. 


Temperatures were above normal for the month. When a large 
anticyclone pattern established itself over the western part of the United 


States during the last week in March temperatures over 70° F occurred on 
several days. | 
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PREFACE 


This volume is the final submission acquired during the air quality/ 
meteorology portions of the monitoring program for oil shale tract C-b. The 
period covered runs from 1 March through 31 March 1978. 

This report is divided into two volumes. Volume I contains all of the 
basic data (hourly averages). Volume II contains all of the computer analysis 


reports. 
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10 GENERAL 
1.1 Introduction 


AeroVironment Inc. is performing an air quality and meteorological 
measurement program on the C-b shale oil tract for C-b Shale Oil Venture. 
Various parameters of air quality and meteorological data are collected ata 
network of sites. A listing of data collected during this month is contained 
in Section 1.3 of Volume I. 


1.2 Description of Reports 


1.2.1 Downtime Hours Report 


This report calculates the numbers of hours of downtime by component 


and by site for each day. Downtime hours are: 


MT (Maintenance) 

FO (Flame Out) 

IM (Instrument Malfunction) 
PF (Power Failure) 

RF (Recording Failure) 

SE (Special Experiment) 


Uptime hours are: 


Numerical data values 
CA (Calibration) 

LI (Local Interference) 
OS (Off Scale) 

IN (Interference) 

VA (Variable) 

NV (Not Visible) 
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See section 1.3.1 for additional description of the letter codes. Hours before 
an instrument began operation are ignored. Percentage efficiency is the 


number of hours of uptime divided by total hours of data expected. 
1.2.2 Stability Class from AT Report 


Hourly values of stability class have been defined by using the 
Pasquill-Gifford stability classes. (Classes A-—G) with Class A being the 
most unstable and Class G the most stable. They are determined from AT 


and corrected for wind speed according to the following formulas: 


Class AT CC/100m) 
A siiial 9 
B + £-93to 251.7 
‘e deleT ieee 19s 
D - 1.5 to -0.5 
E -0.5to 1.5 
F 1.5to 4.0 
G > 4.0 


Wind Speed Adjustment 


Stability Wind "Adjusted 
From AT Speed (WS) Stability" 
m/s 
A WS<2.00 A 
2.00<WS<5.00 B 
5.00<WS<6.00 G 
WS>6.00 D 
B WS<5.00 B 
5.00<WS<6.00 ce 
WS>6.00 D 
eC WS<6.00 Cc 
WS>6.00 D 
D ALL SPEEDS D 
WS<5.00 E = 
WS>5.00 D 


me - 
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Stability Wind "Adjusted 


From AT Speed (WS) Stability" 
m/s 
F | WS<3.00 F 
| 3.00<WS<5.00 E 
WS>5.00 D 


Letter codes are used when the stability class cannot be determined 
(as when there is no AT data). If the wind speed data does not exist, the 
stability class will still be determined, but it will not be corrected for wind 
speed. These hours can be determined by looking for the malfunction codes 


in the next report, "Wind Speed and Direction by Stability Class". 
..2.3 Wind Speed and Direction by Stability Class Report 


The hourly wind speed and direction (unit vector averaged) is 
determined for each hour of stability class data. A separate report is 
produced for each stability class, so wind speed and direction will only be 
printed in the hours where that particular stability class exists. If wind 
speed data does not exist, a malfunction code (see Section 1.3.1) will be 
printed in its place. The stability class will still be determined on the 
stability class report, however it will not be corrected for wind speed. If 
wind direction data does not exist, malfunction codes are printed in their 
place. Since a separate report is prepared for each stability class, blanks 
between brackets indicate that the hour in question is not the stability class 


of that report. 
1.2.4 Five Maximum Independent Sliding Averages Report 


The five highest sliding averages in a month are determined for each 
of the various air quality parameters for the periods for which there is a 


standard: 


ae a 
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Component 


Ozone 

Carbon Monoxide 
Sulfur Dioxide 
Particulates 
Hydrocarbon (corrected 


for methane) 


Averaging Time 


1 hour 

I hour, 8 hours 

3 hours, 24 hours 
24 hours 


3 hours (6-9 am only) 


The average is a "sliding average" for all averaging periods greater 
than | hour. Thus the first 8 hour average checked would be hours 00 
through 07, the second one checked would be Ol through 08, and so forth. 


After the highest average has been determined, none of those values (8 in 


the case of an 8 hour average) would be used to determine the second 


highest average. Thus, a single high hourly average will only effect a single 


independent sliding average, no matter what the averaging period is. 


The minimum sample size for determining these averages is: 


Time Interval 


3-hour running average 
8-hour running average 
24-hour 

Monthly 

Quarterly 

Yearly 


Minimum number of observations 


3 consecutive hourly observations 
6 hourly observations 

18 hourly observations 

21 daily averages 

3 consecutive monthly averages 
9 monthly averages with 

at least two monthly averages 


per quarter. 


(From the EPA Quality Assurance Handbook). 
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1.2.5 Monthly and Daily Averages 


A separate report was created to produce daily and monthly averages 
of all parameters. Unlike the averages printed on the hourly tables (in 
Volume I), the averages in this report must have 50% of the values except 
for temperature and relative humidity which require 75% because of possible 
diurnal bias. 


1.2.0 Monthly and Daily Vectorial Wind Averages Report 


This report calculates true vectorial wind averages for both wind speed 
and direction. The hourly tables in Volume I use a standard mean for wind 
speed and a unit vector average (vectorial average where wind speed is set 


equal to 1) for wind direction. 


1.3. Data Description 


1.3.1 


Description of Data Symbols 


Symbols used on the data sheets are: 


CA 
MT 
FO 
IM 

Pr 
RF 


LI 


OS 


SE 


VA 
IN 


NV 


Calibration 


Maintenance (changing paper, tape, filters) 

Flame out (on the gas chromatographs) 

Instrument malfunction 

Power failure (generator failure, power outages) 
Recording system failure (chart jams, runs out, tape 
cassette fails, on-site computer goes down) 

Local interference (Car nearby, contamination by 
generator) 

Off scale (at top of chart data value greater than range . 
of instrument) | 

Special experiment (instrument off-line for bag sample 
analysis or removed for special measurements in area) 
Variable wind direction 

Interference (CO, interference on sulfur data, SO, 
interference in oxidant readings) : 


Not visible (data not visible within range of instrument/recorder; | 
data presumed monitored) 


See the attached example sheets. 


1.3.2 


Data Acceptance Algorithm 


The EA chart recorder logs data once every 2-1/2 minutes giving about 


24 values per hour. Strip chart data is considered to represent the hour if 
more than 30 minutes of the record is valid. 


Data collected in the first 15 minutes after calibration is generally 


discarded. Data is considered erroneous if any of the status indication or 


the station log suggests instrument malfunctioning. In addition, air quality 


data collected in the first 15 minutes after a brief power outage (less than 


~ o 
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10 minutes), in the first hour after a medium duration outage (up to one 
hour), or in the first four hours after longer outages, will be discarded as 
unreliable. Any anomalous data reflecting signal spikes or dropouts with a 
response rate faster than ascribable to atmospheric phenomena (e.g., a 
tripling of NO, levels from one scan to the next, followed by a return to the 
old level on the succeeding scan) will be deleted as an artifice caused by the 


system. 


As an additional check, the calibrated data is also screened manually. 
First, data is scanned to detect extreme values. When a spurious value is 
located, it will be checked for its validity. In all cases when invalidated 
data is deleted, a record of these deletions is maintained. Only the 


validated data will be reported. 
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1.3.3 Data Precision and Lower Detection Limit 


Instrument Lower Limit 
Lower Detection Data of Data 
Parameter Instrument Limit Precision Validity 





Air Quality 


Meloy SA185-2A 10 yg/m? 15 g/m? 15 yg/m? 
Meloy SA185-2 6 ug/m? 6ug/m? 6 yg/m? 
Monitor Labs 8440E 2 ug/m? 5 ug/m? 5 pg/m? 
Monitor Labs 8400E 4 ug/m? 5 ug/m? 5 ug/m? 
NO, - NO 4 pg /m? 6 ug/m? 6 ue/m? 
Bendix 8200 70 ye/m? 70 ye/m 70 ug/m? 
Bendix 8200 70 ug/m? 70 pg/m? 70 ug/m? 
THC - CH, 70 ug/m? 90 ug/m? 90 g/m? 
Bendix 8200 0.1 mg/m? 0.1 mg/m? 0.1 mg/m? 
Meloy OA 350-2 2 we/m? 20 yg/m? 20 g/m? 
GMWC-2000H 0.5 ug/m? 6% or | pg/m>* l ug/m? 





Meteorology 


Wind Speed MRI 1074-2 0.5 m/s 1% or 1 m/s* 
(Site 023, 10m, 30m, 60m) 


MRI 1071 0.5 m/s 2% or 1 m/s* 
(Site 042, 056) 


Weathermeasure 0.5 m/s 1% or 1 m/s* 
W 1034 (Site 020) 


Wind Direction MRI 1074-2 N/A 
(Site 023, 10m,30m,60m) 


MRI 1071 
(Site 042, 056) 





a _ 


TESB=815 


Instrument Lower Limit 





| . Lower Detection Data of Data 
O Parameter Instrument Limit Precision Validity K 
Meteorology (Cont'd) 
Wind Direction Weathermeasure N/A 1° N/A 


W 1034 (Site 020) 


Temperature MRI 840 (site 023) -50°C ic -50°C 

MRI 1071 (Site 042,056) -35°C re. -35°C 
Delta is 
Temperature MRI 840 | N/A 0.2°C N/A 

'@ | Relative Weathermeasure 3% 1% (20-80%) 3% 
Humidity H324-S 3% (at 
extremes 

Barometric Weathermeasure B 242 462 mm Hg 1 mm Hg 462 mm Hg 
Pressure 
Solar Radiation Eppley Spectral 0,05 5 0.05 > 0.05 2 

Pyranometer cal/cm*/min calfcm*”/min cal/cm™/min 
Mixing Height AV 300A 30 m 10m 30 m 
Inversion Height Acoustic Radar 


4 


Stability Type 


*whichever is greater 
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1.3.4 AV Nomenclature for Components 


Abbreviation 
(alphabetical order) Component 
BARP Barometric Pressure 
CH4 | Methane 
CO Carbon Monoxide 
DT2 Delta T#2 (Temperature at 60 m - Temperature at 10 m) 
HC Hydrocarbons (corrected for methane) 
H2S Hydrogen Sulfide 
INV Invension Height 
MIX Mixing Height 
NO Nitric Oxide 

_ NO2 Nitrogen Dioxide 
NOX Oxides of Nitrogen 
03 Ozone . 
PART Particulates (24 hour average) 
RH1 Relative Humidity at level 1 (1 m/3 ft.) 
SOLR Solar Radiation (sky only) 
$O2 Sulfur Dioxide 
STBI Stability Type at level | (50 m) 
STB2 Stability Type at level 2 (200 m) 
TEM2 Temperature at level 2 (10 m/30 ft.) 
TEM3 Temperature at level 3 (30 m/100 ft.) 
TEM4 Temperature at level 4 (60 m/200 ft.) 
THC Total Hydrocarbons 
WD2 Wind Direction at level 2 (10 m/30 ft.) 
WD3 Wind Direction at level 3 (30 m/100 ft.) 
WD4 Wind Direction at level 4 (60 m/200 ft.) 
WS2 Wind Speed at level 2 (10 m/30 ft.) 
WS3 Wind Speed at level 3 (30 m/100 ft.) 
WS4 Wind Speed at level 4 (60 m/200 ft.) 
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PREFACE 


This volume is the final submission acquired during the air quality/ 
meteorology portions of the monitoring program for oil shale tract C-b. The 


period covered runs from 1 April through 30 April 1978. 


This report is divided into two volumes. Volume I contains all of the 
basic data (hourly averages). Volume II contains all of the computer analysis 


reports. 
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3.2 


3.1.4 | Methane (CH,) <& 
Ce Hydrocagbons (methane-reduced) (HC = THC - CH 4)» expressed 
as ug/m~ of CH 
3.1.6 Carbon Monoxide (CO) 
3.1.7. Nitrogen Oxides (NO oO? expressed as g/m” of NO, 
.3.1.8 Nitric Oxide, NO 
3.1.9 Nitrogen Dioxide (NO,) 
3.1.10 Ozone (O 3 


Miscellaneous Data 
3.2.1 | High Volume Sampler, Suspended Particulates 


Not all sites measure all of these parameters. 
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1.0 GENERAL 
1.1) = =Introduction 


AeroVironment Inc. is performing an air quality and meteorological 
measurement program on the C-b shale oil tract for C-b Shale Oil Venture. 
Various parameters of air quality and meteorological data are collected at a 
network of sites. A listing of data collected during this month is contained 
in Section 1.3. 


1.2. Description of Instrument Systems 


eA | Air Quality Instrumentation 


The ambient air sample is drawn in through a glass cane and manifold 
supplied by the Ace Glass Company. The system has a 25mm diameter, 
through which an air flow is provided by an air pump rated at 60 cfm. The 
manifold has sampling ports to which 1/4" Teflon lines are connected to the 
air quality instruments. All joints in the sampling system are secured by O- 
ring compression fittings. The following are the air quality instruments 
used: 


oO Oxides of Nitrogen 


Oxides of nitrogen are measured by use of a Monitor Labs Model 8440E 
analyzer. Operating on the chemiluminescent principle, this dual-channel 
analyzer continuously monitored both NO. and NO. The NO, value is 
calculated by the off-site computer by subtracting the NO value from the 
NO, value. Designated by the EPA as a reference instrument, it has a lower 


detection limit of 2 parts per billion (ppb) and a linearity of + 1%. 
fe) Sulfur Dioxide 


Sulfur dioxide is continuously measured with a Meloy Model SA185—2A 
sulfur analyzer equipped with a Meloy Model H5S-1 hydrogen sulfide 


or de - 
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scrubber. This instrument utilizes the principle of flame photometric 
detection (FPD) for operation. It is designated by EPA as an equivalent 
instrument. The instrument has a lower detection limit of 5 ppb and a 
linearity of + 1%. 


fe) Hydrogen Sulfide 


Hydrogen sulfide is monitored continuously by using a Meloy Model 
SA185-2 equipped with a Meloy Model SO,-1 sulfur dioxide scrubber. It also 
utilizes the FPD principle, and its lower detection limit is 5 ppb and 
linearity + 1%. | 


re) Ozone 


Ozone is measured continuously by using a Meloy Model OA350 
analyzer. Based on the chemiluminescent principle, it has a lower detection 
limit of | ppb and a linearity of + 1%. 


fe) Hydrocarbons and Carbon Monoxide ’ 


Total hydrocarbons, methane, and carbon monoxide are monitored by 
use of a Bendix Model 8200 analyzer. This instrument utilizes the gas 
chromatography-flame ionization detection principle, and measures each 
parameter once every five minutes. The non-methane hydrocarbon value is 
obtained by subtracting the methane value from the total hydrocarbon value. 
This instrument has a lower detection limit of 100 ppb for all three 
components. 


re) Total Suspended Particulates 


A General Metal Works Model 2000 high volume sampler and glass 
fiber filter paper are employed to collect the ambient air total suspended 
particulates. The high volume sampler is turned on and off by a timer, once 


every three days, from midnight to midnight. Thus, a 24-hour integrated 
sample is collected. 
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The glass fiber filter paper is conditioned in a humidity controlled 


chamber for at least 24 hours before it is weighed. This procedure applies to 


both before and after it is exposed to the ambient air. The weighing is 
carried out by using a Torbal Model EA-1-AP balance. 


A Dickon recorder is used to record the high volume sampling flowrate 


throughout the 24-hour sampling period. 


12.2 Air Quality Equipment Calibration Procedures 


re) Daily Zero and Span Check 


A Meloy Model RAD-1! calibration unit is used to perform the daily 
zero and span check on the NO/NO,; SO,, and HS analyzers. This 
instrument provides a zero air supply, SO, span gas from an SO, permeation 
tube, and NO span gas obtained by precisely diluting bottled NO span gas. 
The zero and span checks of all instruments are manually performed once a 
day. Each instrument is first switched to zero and the zero value is 
recorded on the multipoint chart recorders. After a stable zero signal has 
been obtained, a span gas is supplied to each channel until a stable span 
value has been reached. This value is recorded on the multipoint chart 
recorders. Both the zero and span values should be within the tolerance 
limit specified; otherwise, the analyzer is recalibrated. The instruments are 


then returned to the monitor mode. 


The bottled NO span gas used for this purpose was obtained from 


Precision Gas Products. The SO, permeation tubes were manufactured by 


_ Metronics Associates, Inc. 


The Model OA350 ozone analyzer has its own calibration system, which 
provides a zero check and a span check. The zero and span check is also 


done manually once a day. 


The Model 8200 total hydrocarbon, methane, and carbon monoxide 


analyzer is calibrated with undiluted span gas obtained from Scott-Merrin. 


- 


= 
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This span gas contains methane and carbon monoxide in air; the methane 
being used to calibrate both the total hydrocarbon channel and the methane 
channel. The Model 8200 is zeroed with air from a Bendix Model 8834 zero 
air unit. In addition, the instrument is electronically re-zeroed at the start 
of every five-minute cycle. 


° Multi-Point Calibration 


Monthly multi-point calibrations of all air quality instruments are 
performed. The purpose of the monthly calibration is two-fold: 1) to check 
the instrument linearity, and 2) to assign the values of the on-site 
calibration sources so that they are NBS traceable. 


The air quality instruments for SO,; HS, O3; and. NO/NO,. are 
dynamically calibrated by use of a Monitor Labs Mode! 8500 Dynamic 
Calibration System. This calibrator utilizes the permeation principle for 
SO, and HS, ozonation of air for ozone, and dilution of concentrated NO to 
ambient level! NO, and can perform gas phase titration of NO and 03 for 
NO, calibrations. It is capable of producing stable concentrations for the 
purpose of calibration of the instruments. For the THC/CH,/CO instru- 
ments, three cylinders of gases containing approximately 0, 4, and 8 ppm of 


CH, and CO are used to calibrate the analyzers. 


The calibrator's SO, permeation tube output is calibrated quarterly by 
using the EPA-prescribed pararosaniline method (Federal Register, Vol. 36, 
No. 84, Part Il, April 30, 1971); HS output by the cadmium hydroxide 
stractan method (Intersociety Committee, American Public Health Associa- 
tion, Washington, D.C., 1972); and O03 output by the EPA-prescribed 1% 
neutral buffered potassium iodide (NBKI) method (Federal Register, ibid). 
The concentrated NO cylinder used (~ 100 ppm) is NBS traceable, and the 
traceability is maintained by re-analyzing the cylinder once every six 
months by using an NBS cylinder. The dilution system of the calibrator is 
checked once every three months by using an NBS traceable test meter. The 
NO dilution output from the calibrator is further calibrated quarterly by use 


of the Saltzman method (Intersocity Committee, ibid). 
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Cylinders used to calibrate THC/CH,/CO instruments are NBS 


traceable. The traceability is maintained by re-analyzing the cylinders once 


_ every six months by using an NBS cylinder. 


The high volume sampler is calibrated monthly by use of a set of 
resistance plates which, in turn, is calibrated by using an NBS traceable 
Roots Meter once a year. The balance used for weighing glass fiber filters is 
calibrated quarterly by using a set of NBS traceable weights. 


122.3 Data Acquisition System 


_ Esterline Angus Model E1124E multipoint chart recorders are used as 
primary recording means to monitor data. The EA chart recorder logs data 
at 2-1/2-minute intervals. The data reflects the real time value at that 
instant. 


1.2.4 Meteorological Instruments 


re) Site 023 


The meteorological tower itself is a 60-meter Rohn Model 80 Guyed 
Tower, designed for 40 pounds per square foot wind load with 1/2" of radial 
ice per EIA Standard RS-222-B, to support four levels of meteorological 
equipment. The material consists of tower sections with a tapered base, 
three retractable booms 12 feet long, three outside work platforms, an 
inside ladder for climbing, two base ground kits, and one anchor ground kit. 
The cable-type Safety Climbing Device consists of a cable and attachment 
mechanisms with a locking sleeve and safety belt. The tower is lighted and 
painted according to FAA specification. 


All instrumentation, except at the ground level, is mounted at the end 
of 12-foot retractable booms. These booms are 3-inch box beams which are 
on rollers and can be retracted to the instrument platforms for instrument 


maintenance. ~ 


~~ > > 
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The tower has instrumentation at three levels: 10 m, 30 m, and 60 m. 
There were wind speed and direction sensors at all three levels, and 
temperature, at the 10m and 60m levels. Relative humidity, solar 
radiation and barometric pressure sensors are at the ground level. 
Temperature difference thermistors and their associated circuitry took lapse 
rate measurements for the 10 m to 60 m layer. 


Wind Speed and Direction 


The wind direction and speed apparatus used at each measurement 
level of the tower is the Model 1074-2 wind sensor by Meteorological 
Research, Inc. (MRI). This sensor has a 540° potentiometer for wind 
direction and a light chopper for wind speed. This sensor is rugged, with an 
all-weather cup and damped vane assembly. The wind sensors on the tower 
have been speciaily treated with a black paint which will promote warming 
of the exposed surfaces of the sensor and thereby reduce ice and snow 
accumulations on the moving parts of the apparatus. The specifications on 
the Mode! 1074-2 are as follows: 


Wind Speed 


Starting Threshold: 0.75 mph. 
Response Distance: 18 feet (63% recovery) 
Flow Coefficient: 7.9 feet/Revolution 


o Oo 0 9 


Precision: + 0.4 mph or 1% (whichever is greater) 
Wind Direction 


Starting Threshold: 0.75 mph 

Delay Distance: 4 feet (50% recovery) 
Damping Ratio: 0.5 to 0.6 

Precision (540° system): +1% 

Range: 0° to 540° 


oOo 0 (8 9 
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Temperature 


The temperature sensors are mounted within a power-aspirated 


radiation shield at each tower level. The sensors are of the Model 840 by 


MRI. The aspirated shielded housing is designed to provide maximum 


radiation protection to the sensor. The temperature sensor provides a linear 
resistance change with an air temperature change. The specifications on the 
sensing elements are as follows: 


o Precision: + 0.1°C 
fe) Range: -30°C to +50°C 


Delta Temperature 


Measurements of temperature differences (AT) are taken for the 10 m 
to 60m layer by using the MRI Model 840 systems. Both of the AT 
thermistors are mounted within power-aspirated radiation shields. The 
specifications on the AT equipment are as follows: 


o Precision: + 0.2°C 


o Range of AT Circuit: -5°C to +5°C 


Relative Humidity 


The relative humidity is monitored by using a WeatherMeasure H324-S 
hair hygrograph. It uses the time-tested human hair bundle as the sensor for 


relative humidity. The precision and range are as follows: 


fe) Precision: + 1% from 20% to 80%; + 3% at extremes 
fo) Range: 0- 100% 


Barometric Pressure 


The barometer is the B242 Analog Output Barometer by Weather- 


Measure. This barometer provides an output voltage that is linearly 


~ 


s+ = = 
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proportional to pressure. The specifications on the instrument are as 
follows: | 


° Precision: + 1 mm Hg 
° Range: 550-627 mm Hg 


Solar Radiation 


The pyranometer at the site is the Eppley Precision Spectral 
Pyranometer. This instrument is used for the measurement of sun and sky 
radiation totally or in defined wavelength bands. The pyranometer is 
levelled and mounted atop a wooden stand | meter from the ground surface. 
Care has been taken to eliminate the effects from all outside influences, 
such as reflection or shadows, on the pyranometer. The instrument 


characteristics are as follows: 


° Precision: + 0.05 cal/em?/min 
ro) Range: 0-2 cal/em?/min 


° Site 020 


Wind Speed and Direction 
The wind speed and direction apparatus used is the Model W1034 Low 


Threshold Recording Wind System by WeatherMeasure. The specifications 
are as follows: 


Wind Speed 


Starting Threshold: 0.6 mph 
Distant Constant: 5 feet 


Precision: + 0.2 mph or 1% (whichever is greater) 
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Wind Direction 


Starting Threshold: 0.75 mph 
Distance Constant: 3.5 feet 


Precision: + 1° or 0.5% (whichever is greater) 


Temperature 


Same as described under Site 023, Temperature. 


Mixing Height, Inversion Height, and Stability Type 


An AeroVironment Model 300A acoustic radar is employed for the 
continuous measurement of the atmospheric mixing height, inversion height, 
and stability type. An acoustic enclosure is used to surround the antenna 
and thereby reduce any spurious noise received in the antenna side lobes. 


The specifications of the acoustic sounder are as follows: 


° Precision: + 10m 
fe) Range: 30-500 m 


A. value of OS on the data sheets indicates that the mixing height is at least 
500 meters (the full scale of the instrument). 


re) Sites 042 and 056 


Wind Speed and Direction and Temperature 


The wind speed, wind direction, and temperature equipment employed 
is the Model 1071 Mechanical Weather Station manufactured by Meteorology 


Research. The equipment specifications are as follows: 


Wind Speed 


Starting Threshold 0.75 mph 
Response distance: 18 ft (63% recovery) c 
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Flow Coefficient: 7.9 ft/revolution 
fe) Precision: +2% 


Wind Direction 


° Starting Threshold: 0.75 mph 

) Delay Distance: 4 ft (50% recovery) 

° Damping Ratio: 0.5 to 0.6 

Oo Precision: + 1% of full scale 

° Range: 0° to 540° 
Temperature 

fe) Precision: + re ® 
Range: -35°C to 49°C 

° Miscellaneous 


Upper Air Wind Speed and Direction, and Temperature 


The upper air wind speed and direction as a function of altitude are 
measured by tracking a pilot balloon by use of the double-theodolite 
technique. The theodolites used are manufactured by Warren-Knight. The 


specifications are as follows: 


o Precision: + 0.1° (elevation) 
+ 0.1° (azimuth) 
fe) Range: 0-90° (elevation) 


0-360° (azimuth) 


The upper air temperature as a function of altitude is obtained by 
attaching a temperature-sonde to a pilot balloon, and the signal transmitted 
from the temperature-sonde is monitored by using a radio receiver. The 
temperature-sonde is manufactured by Aeromet. The specifications are as 


follows: 
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© Precision: + 0.4°C (-40 to -5°C) 
¥0.2 C5 ga80 ©) 
° Range: -40 to +80°C 


The radio receiver is also manufactured by Aeromet. Its specifications are 
as follows: 


re) Precision: + O27 Cc 
o Range: -50 to +50°C 


° Calibration 


Calibration of meteorological equipment is done off-site. The wind 
sensors are calibrated by use of an NBS traceable wind tunnel, the 
temperature sensors by use of an NBS traceable thermometer, and the 
‘pressure sensors by use of an NBS traceable mercury barometer. The 


relative humidity sensor is calibrated by using a sling psychrometer. 


Daily check of the meteorological equipment is performed by 
comparing the monitored data with that of the local weather service when 
applicable. Also, the data obtained from the different levels of the 60- 

- meter tower is compared for consistency check. 


1.3 Data Description 


1.3.1 Description of Data Tables 


The data tabulations contain average values for each day, and the peak 
hourly average for the day. Along the bottom, the average for each hour, 
averaged over the month, is compiled. For these particular averages, there 
is no minimum data requirement (those averages are contained in Volume II). 
If a substantial amount of data is missing for any reason, the averages would 
be biased. Air quality is given in g/m? usually, with values for NO, 
computed on the basis of the molecular weight of NO,, and those for HC and 


THC based on the molecular weight for CH,- 
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On the wind direction sheets, "PV" and "PREV" indicate prevailing 
wind direction divided into 16 sectors with a "1" indicating a prevailing 
direction between 348.5 and 11.0 degreés, a "2" corresponding to 11.5 to 34.0 
degrees, and so forth. (i.e., a "1" indicates wind from the 22.5° sector 
centered on N, a "2" indicates winds generally from the NNE, and "3" from 
the NE, etc. - 


Symbols used on the data sheets are: 


CA Calibration 

MT Maintenance (changing paper, tape, filters) 

FO Flame out (on the gas chromatographs) 

IM Instrument malfunction 

PF Power failure (generator failure, power outages) 

RF Recording system failure (chart jams, runs out, tape 
cassette fails, on-site computer goes down) 

LI Local interference (Car nearby, contamination by 
generator) 

OS Off scale (at top of chart data valve greater than 
range of instrument) 

SE Special experiment (instrument off-line for bag sample 
analysis or removed for special measurements in area. 

VA Variable wind direction 

IN Interference (CO. interference on sulfur data, SO, 


inteference in oxidant readings) 


NV Not visible (data not visible, within range of instru- 
ment/recorder; data presumed monitored) 


See the attached example sheets. 
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1.3.2 Data Acceptance Algorithm 


The EA chart recorder logs data once every 2-1/2 minutes giving about 
24 values per hour. Strip chart data is considered to represent the hour if 
more than 30 minutes of the record is valid 


Data collected in the first 15 minutes after calibration is generally 
discarded. Data is considered erroneous if any of the status indication or 
the station log suggests instrument malfunctioning. In addition, air quality 
data collected in the first 15 minutes after a brief power outage (less than 
10 minutes), in the first hour after a medium duration outage (up to one 
hour), or in the first four hours after longer outages, will be discarded as 
unreliable. Any anomalous data reflecting signal spikes or dropouts with a 
response rate faster than ascribable to atmospheric phenomena (e.g., a 
tripling of NO, levels from one scan to the next, followed by a return to the 
old level on the succeeding scan) will be deleted as an artifice caused by the 
system. 


As an additional check, the calibrated data is also screened manually. 
First, data is scanned to detect extreme values. When a spurious value is 
located, it will be checked for its validity. In all cases when invalidated 
data is deleted, a record of these deletions is maintained. Only the 
validated data will be reported. 
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1.3.3 Data Precision and Lower Detection Limit 


> 


Instrument Lower Limit 
-| Lower Detection Data of Data 
Parameter Instrument Limit Precision Validity 


Meloy SA185-2A 15 ug/m? 15 ug/m? 
Meloy SA185-2 6ug/m? 6 ug/m? 
Monitor Labs 8440E 5 ug/m? 5 ug/m? 
Monitor Labs 8400E 5 ug/m? 5 ug/m? 


NO, - NO 6 ug/m? 6 ug/m? 


Bendix 8200 70 ug/m? 70 ug/m? 


Bendix 8200 70 yg/m? 70 g/m? 
THC - CH, 90 g/m? 90 ye/m? 
Bendix 8200 0.1 mg/m? | 0.1 mg/m? 
Meloy OA 350-2 20 g/m? 20 ug/m? 
GMWC-2000H 6% or 1 pg/m?* 1 g/m? 


Meteorology 


Wind Speed MRI 1074-2 0.5 m/s 1% or 1 m/s* 
(Site 023, 10m, 30m, 60m) 


MRI 1071 0.5 m/s 2% or 1 m/s* 
(Site 042, 056) 


Weathermeasure 0.5 m/s 1% or | m/s* 
W 1034 (Site 020) 

Wind Direction MRI 1074-2 N/A 
(Site 023, 10m,30m,60m) 


MRI 1071 
(Site 042, 056) 
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Instrument Lower Limit 
Lower Detection Data of Data 
Parameter Instrument Limit Precision Validity 





Wind Direction Weathermeasure N/A 12 N/A 
W 1034 (Site 020) 


Temperature MRI 840(site 023) 4505¢ isc s50°C 
MRI 1071 (Site 042,056) -35°C IG ‘y, -35°C 
Delta és 
Temperature MRI 840 N/A 022° N/A 
Relative Weathermeasure 3% 1% (20-80%) | 3% 
Humidity H324-S . . 3% (at 
. : extremes 
Barometric Weathermeasure B 242 462 mm Hg I mm Hg 462 mm Hg 
Pressure 
Solar Radiation Eppley Spectral 0.05 2 0.05 2 0.05 2 
Pyranometer cal/cm*”/min cal/cm”/min cal/cm™/min 
Mixing Height AV 300A 30 m 10m 30 m 
Inversion Height Acoustic Radar 


Stability Type 





*whichever is greater 


a - 
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1.3.4 AV Nomenclature for Components 


Abbreviation 

(alphabetical order) — Component 

BARP - Barometric Pressure 

CH4 Methane 

CO Carbon Monoxide 

DT2 Delta T#2 (Temperature at 60 m - Temperature at 10 m) 
HC Hydrocarbons (corrected for methane) 
H2S Hydrogen Sulfide 

INV Invension Height 

MIX Mixing Height 

NO Nitric Oxide 

NO2 Nitrogen Dioxide 

NOX Oxides of Nitrogen 

O3 Ozone 

PART Particulates (24 hour average) 

RHI Relative Humidity at level 1 (1 m/3 ft.) 
SOLR Solar Radiation (sky only) 

SO2 Sulfur Dioxide 

STBI Stability Type at level 1 (50 m) 

STB2 Stability Type at level 2 (200 m) 

TEM2 Temperature at level 2 (10 m/30 ft.) 
TEM3 Temperature at level 3 (30 m/100 ft.) 
TEM4 Temperature at level 4 (60 m/200 ft.) 
THC Total Hydrocarbons 

WD2 ' Wind Direction at level 2 (10 m/30 ft.) 
WD3 Wind Direction at level 3 (30 m/100 ft.) 
WD4 _Wind Direction at level 4 (60 m/200 ft.) 
WS2 Wind Speed at level 2 (10 m/30 ft.) 

WS3 Wind Speed at level 3 (30 m/100 ft.) 
WS4 Wind Speed at level 4 (60 m/200 ft.) 
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Fina] Output 


Final Data Summary Sheet 
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SITE 056 
wS1 (10m ) 


1.4 Descriptive Regional Meteorological Summary 
April 1978 
Although the storm tracks remained essentially the same, the intensity. 


and number of low pressure systems decreased. There were three generally 


short periods of rain and hail with moisture somewhat above normal. 


The same general pattern of warmer than normal average nighttime 
temperatures with cooler than normal daytime temperatures. 
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SECTION 2.0 


METEOROLOGY 


II B-881 


HPeseaeteneeteseetageteae 


CoB OL SHALE PROJECT, COLORADO 


LEVEL HEIGHT 8 10 METERS 


WIND SPEEO 
METERS/SECOND 
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PREFACE 


Q 


This volume is the final submission acquired during the air quality/ 
meteorology portions of the monitoring program for oil shale tract C-b. The 


period covered runs from | April through 30 April 1978. 
This report is divided into two volumes. Volume I contains all of the 


basic data (hourly averages). Volume II contains all of the computer analysis 


reports. 
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10 GENERAL 
1.1 Introduction 


AeroVironment Inc. is performing an air quality and meteorological 
measurement program on the C-b shale oil tract for C-b Shale Oil Venture. 
Various parameters of air quality and meteorological data are collected ata 
network of sites. A listing of data collected during this month is contained 


in Section 1.3 of Volume I. 


1.2 Description of Reports 


1.2.1 - Downtime Hours Report 


This report calculates the numbers of hours of downtime by component 


and by site for each day. Downtime hours are: 


MT (Maintenance) 

FO (Flame Out) 

IM (Instrument Malfunction) 
PF (Power Failure) 

RF (Recording Failure) 

SE (Special Experiment) 


Uptime hours are: 


Numerical data values 

CA (Calibration) 

LI (Local Interference) 

OS (Off Scale) 

i ee IN (Interference) aan Se 
VA (Variable) 

NV (Not Visible) 
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See section 1.3.1 for additional description of the letter codes. Hours before 
an instrument began operation are ignored. Percentage efficiency is the 


number of hours of uptime divided by total hours of data expected. 
1.2.2 Stability Class from AT Report 


Hourly values of stability class have been defined by using the 
Pasquill-Gifford stability classes. (Classes A—G) with Class A being the 
most unstable and Class G the most stable. They are determined from AT 


and corrected for wind speed according to the following formulas: 


Class AT CC/100m) 
A < -1.9 
B = 1.9 to = [./ 
¢ - 1.7 to - 1.5 
D - 1.5 to - 0.5 
E -0.5to 1.5 
( F 15 to 4.0 
G > &0 


Wind Speed Adj ustment 


Stability Wind "Adjusted 
From AT Speed (WS) Stability" 
m/s 
A WS<2.00 A 
2.00<WS<5.00 B 
5.00<WS<6.00 e 
WS>6.00 D 
B WS<5.90 B 
-5,00<WS<6.00 Cc 
Sy ge ee NOOO = D- mer 
é WS<6.00 Cc 
WS>6.00 D 
D ALL SPEEDS D ' 
( E WS<5.00 E = 
ms WS>5.00 D 
II B-1018 
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am 


FE 


Stability Wind "Adjusted 


From AT Speed (WS) Stability" 
m/s 
F WS<3.00 F 
" 3,00<WS<5.00 - E 
WS>5.00 D 


Letter codes are used when the stability class cannot be determined 
(as when there is no AT data). If the wind speed data does not exist, the 
stability class will still be determined, but it will not be corrected for wind 
speed. These hours can be determined by looking for the malfunction codes 


in the next report, "Wind Speed and Direction by Stability Class". 
Las Wind Speed and Direction by Stability Class Report 


The hourly wind speed and direction (unit vector averaged) is 
determined for each hour of stability class data. A separate report is 
produced for each stability class, so wind speed and direction will only be 
printed in the hours where that particular stability class exists. If wind 
speed data does not exist, a malfunction code (see Section 1.3.1) will be 
printed in its piace. The stability class will still be determined on the 
stability class report, however it will not be corrected for wind speed. If 
wind direction data does not exist, malfunction codes are printed in their 
place. Since a separate report is prepared for each stability class, blanks 
between brackets indicate that the hour in question is not the stability class 


of that report. 
1.2.4 Five Maximum Independent Sliding Averages Report 


The five highest sliding averages in a month are determined for each 


of the various air quality parameters for the periods for which there is a 


standard: 
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Component Averaging Time 

Ozone 1 hour 

Carbon Monoxide - L hour, 8 hours 

Sulfur Dioxide 3 hours, 24 hours 
' Particulates 24 hours 


Hydrocarbon (corrected 


for methane) 3 hours (6-9 am only) 


The average is a "sliding average" for all averaging periods greater 

than 1 hour. Thus the first 8 hour average checked would be hours 00 
through 07, the second one checked would be O01 through 08, and so forth. 
After the highest average has been determined, none of those values (8 in 
the case of an 8 hour average) would be used to determine the second 
highest average. Thus, a single high hourly average will only effect a single 


independent sliding average, no matter what the averaging period is. 


@ 
C The minimum sample size for determining these averages is: 

Time Interval _ Minimum number of observations 
3-hour running average > 3 consecutive hourly observations 
8-hour running average 6 hourly observations 
24-hour 18 hourly observations 
Monthly — 21 daily averages 
Quarterly 3 consecutive monthly averages 
Yearly 9 monthly averages with 

. at least two monthly averages 

E 5 xe ‘ss. 2. per quarter. 
(From the EPA Quality Assurance Handbook). 
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ES Monthly and Daily Averages 


A separate report was created to produce daily and monthly averages 
of all parameters. Unlike the averages printed on the hourly tables (in 
Volume I), the averages in this report must have 50% of the values except 
for temperature and relative humidity which require 75% because of possible 


diurnal bias. 

1.2.6 Monthly and Daily Vectorial Wind Averages Report 

This report calculates true vectorial wind averages for both wind speed 
and direction. The hourly tables in Volume I use a standard mean for wind 


speed and a unit vector average (vectorial average where wind speed is set 


equal to 1) for wind direction. 
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1.3. Data Description 


7 

1.3.1 Description of Data Symbols 

Symbols used on the data sheets are: - 

CA _- Calibration 

MT Maintenance (changing paper, tape, filters) 

FO Flame out (on the gas chromatographs) 

IM Instrument malfunction 

PF Power failure (generator failure, power outages) 

RF Recording system failure (chart jams, runs out, tape 

cassette fails, on-site computer goes down) 

LI Local interference (Car nearby, contamination by 

generator) 

OS } Off scale (at top of chart data valve greater than 

range of instrument) 

SE Special experiment (instrument off-line for bag sample 

; analysis or removed for special measurements in area. 
§ VA ~ Variable wind direction se 

IN Interference (CO. interference on sulfur data, SO 

inteference in oxiéant readings) z 
NV Not visible (data not visible, within range of instru- 
ment/recorder; data presumed monitored) 
See the attached example sheets. 

1.3.2 Data Acceptance Algorithm 

The EA chart recorder logs data once every 2-1/2 minutes giving about 
24 values per hour. Strip chart data is considered to represent the hour if 
more than 30 minutes of the record is valid. 

Data collected in the first 15 minutes after calibration is generally 
discarded. Data is considered erroneous if any of the status indication or 
the station log suggests instrument malfunctioning. In addition, air quality 

C data collected in the first 15 minutes after a brief power outage (less than e 
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10 minutes), in the first hour after a medium duration outage (up to one 
hour), or in the first four hours after longer outages, will be discarded as 
unreliable. Any anomalous data reflecting signal spikes or dropouts with a 
response rate faster than ascribable to atmospheric phenomena (e.g., a 
tripling of NO, levels from one scan to the next, followed by a return to the 
old level on the succeeding scan) will be deleted as an artifice caused by the 
system. 


As an additional check, the calibrated data is also screened manually. 
First, data is scanned to detect extreme values. When a spurious value is 
located, it will be checked for its validity. In all cases when invalidated 
data is deleted, a record of these deletions is maintained. Only the 


validated data will be reported. 
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Poo. 3 Data Precision and Lower Detection Limit 






Instrument Lower Limit 
Lower Detection Data of Data 
Parameter Instrument Limit Precision Validity 
Air Quality | 
Meloy SA185-2A 10 ug/m? 15 ug/m? 15 pg/m? 
Meloy SA185-2 6 yg/m? 6ug/m?> 6 wg/m? 
Monitor Labs 8440E 2 ug/m? 5 ug/m? 5 ug/m? 
Monitor Labs 8400E 4 yg/ m? 5 ug/m? 5 ug/ m? 
NO_.= NO 4 ug/m? 6 ug/m? 6 ug/m? 
Bendix 8200 70 ye/m? 70 ug/m? 70 ye/m 
Bendix 8200 70 g/m? 70 ug/m? 70 ue/m? 
THC - CH, 70 g/m? 90 ug/m? 90 g/m? 
C Bendix 8200 O-1 mg/m? O.1 mg/m? 0.1 mg/m? 


Meloy OA 350-2 2 ug/m? 20 ug/m? 20 g/m? 


GMWC-2000H 0.5 pg/m? 6% or | ug/m?* 1 ug/m? 





Meteorology 


Wind Speed MRI 1074-2 0.5 m/s 1% or 1 m/s* | 1 m/s _ 
(Site 023, 10m, 30m, 60m) 


MRI 1071 0.5 m/s 2% or 1 m/s* | 1 m/s 
(Site 042, 056) 


Weathermeasure 0.5 m/s 1% or 1 m/s* | 1 m/s 


W 1034 (Site 020) 


Wind Direction MRI 1074-2 N/A N/A 
(Site 023, 10m,30m,60m) : 


MRI 1071 N/A 
(Site 042, 056) 
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Parameter 


Temperature 


Delta 
Temperature 


Relative 
Humidity 


Barometric 
Pressure 

Solar Radiation 
Mixing Height 


Inversion Height 
Stability Type 


Instrument Lower Limit 


Lower Detection Data of Data 


Instrument 


Weathermeasure 
W 1034 (Site 020) 


MRI 840 (Site 023) 
MRI 1071 (Site 042,056) 


MRI 840 


Weathermeasure 
H324-S 


Weathermeasure B 242 


Eppley Spectral 
Pyranometer 


AV 300A 
Acoustic Radar — 


*whichever is greater 


Limit Precision Validity 


Meteorology (Cont'd) 


Wind Direction 





N/A 1° N/A 
Byes irc = 
oe Cc 35 € 
N/A 12° N/A 
3% 1% (20-80%) | 3% 
3% (at 
extremes 
462 mm Hg 1 mm Hg 462 mm Hg 
0.05 5 0.05 2 0.05 94 
cal/cm*~/min cal/cm*/min cal/cm”/min 
30 m 10m 30 m 
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1.3.4 AV Nomenclature for Components 


Abbreviation 

(alphabetical order) Component 

BARP Barometric Pressure 

CHG | Methane 

CO Carbon Monoxide 

DT2 Delta T#2 (Temperature at 60 m - Temperature at 10 m) 
HC Hydrocarbons (corrected for methane) 
H2S Hydrogen Sulfide 

INV Invension Height 

MIX ‘Mixing Height 

NO Nitric Oxide 

NO2_ Nitrogen Dioxide 

NOX Oxides of Nitrogen 

O3 Ozone 

PART Particulates (24 hour average) 

RH1 Relative Humidity at level 1 (1 m/3 ft.) 
SOLR Solar Radiation (sky only) 

SO2 Sulfur Dioxide 

STBI Stability Type at level 1 (50 m) 

STB2 _ Stability Type at level 2 (200 m) 

TEM2 Temperature at level 2 (10 m/30 ft.) 

TEM3 Temperature at level 3 (30 m/100 ft.) 
TEM4 Temperature at level 4 (60 m/200 ft.) 

THC Total Hydrocarbons 

WD2 Wind Direction at level 2 (10 m/30 ft.) 

WD3 =. “isa. Wind Direction at level 3(30 m/100 ft.) __ 
WD4 Wind Direction at level 4 (60 m/200 ft.) ‘ 
WS2 Wind Speed at level 2 (10 m/30 ft.) 

WS3 Wind Speed at level 3 (30 m/100 ft.) 

WS4 Wind Speed at level 4 (60 m/200 ft.) 
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PREFACE 
This volume is the final submission acquired during the air quality/ 
meteorology portions of the monitoring program for oil shale tract C-b. The 
period covered runs from | May through 31 May 1978. 
This report is divided into two volumes. Volume I contains all of the 


basic data (hourly averages). Volume II contains all of the computer analysis 


reports. 
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GENERAL 
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1.0 GENERAL 
1.1 Introduction 


AeroVironment Inc. is performing an air quality and meteorological 
measurement program on the C-b shale oil tract for C-b Shale Oil Venture. 
Various parameters of air quality and meteorological data are collected at a 
network of sites. A listing of data collected during this month is contained 
in Section 1.3. 


1.2 Description of Instrument Systems 


1.2.1 Air Quality Instrumentation 


The ambient air sample is drawn in through a glass cane and manifold 
supplied by the Ace Glass Company. The system has a 25mm diameter, 
through which an air flow is provided by an air pump rated at 60 cfm. The 
manifold has sampling ports to which 1/4" Teflon lines are connected to the 
air quality instruments. All joints in the sampling system are secured by O- 
ring compression fittings. The following are the air quality instruments 


used: 


ro) Oxides of Nitrogen 


‘Oxides of nitrogen are measured by use of a Monitor Labs Model 8440E 
analyzer. Operating on the chemiluminescent principle, this dual-channel 
analyzer continuously monitored both NO, and NO. The NO, value is 
calculated by the off-site computer by subtracting the NO value from the 
NO, value. Designated by the EPA as a reference instrument, it has a lower 


detection limit of 2 parts per billion (ppb) and a linearity of + 1%. 
fe) Sulfur Dioxide 


Sulfur dioxide is continuously measured with a Meloy Model SA185—2A 


sulfur analyzer equipped with a Meloy Model H.S-1 hydrogen sulfide 
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scrubber. This instrument utilizes the principle of flame photometric 
detection (FPD) for operation. It is designated by EPA as an equivalent 
instrument. The instrument has a lower detection limit of 5 ppb anda 
linearity of + 1%. 


oO Hydrogen Sulfide 


Hydrogen sulfide is monitored continuously by using a Meloy Model 
SA185-2 equipped witn a Meloy Model SO,-! sulfur dioxide scrubber. It also 


utilizes the FPD principle, and its lower detection limit is 5 ppb and 
linearity + 1%. | 


re) Ozone 


Ozone is measured continuously by using a Meloy Model OA350 
analyzer. Based on the chemiluminescent principle, it has a lower detection 
limit of | ppb and a linearity of + 1%. 


fe) Hydrocarbons and Carbon Monoxide ’ 


Total hydrocarbons, methane, and carbon monoxide are monitored by 
use of a Bendix Model 8200 analyzer. This instrument utilizes the gas 
chromatography-flame ionization detection principle, and measures each 
parameter once every five minutes. The non-methane hydrocarbon value is 
obtained by subtracting the methane value from the total hydrocarbon value. 
This instrument has a lower detection limit of 100 ppb for all three 
components. 


re) Total Suspended Particulates 


A General Metal Works Model 2000 high volume sampler and glass 
fiber filter paper are employed to collect the ambient air total suspended 
particulates. The high volume sampler is turned on and off by a timer, once 


every three days, from midnight to midnight. Thus, a 24-hour integrated 
sample is collected. 
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The glass fiber filter paper is conditioned in a humidity controlled 
chamber for at least 24 hours before it is weighed. This procedure applies to 
both before and after it is exposed to the ambient air. The weighing is 
carried out by using a Torbal Model EA-1-AP balance. 


A Dickon recorder is used to record the high volume sampling flowrate 
throughout the 24-hour sampling period. 


1.2.2 Air Quality Equipment Calibration Procedures 


re) Daily Zero and Span Check 


A Meloy Model RAD-I calibration unit is used to perform the daily 
zero and span check on the NO/NO,; SO, and H5S analyzers. This 
instrument provides a zero air supply, SO, span gas from an SO, permeation 
tube, and NO span gas obtained by precisely diluting bottled NO span gas. 
The zero and span checks of all instruments are manually performed once a 
day. Each instrument is first switched to zero and the Zero value is 
recorded on the multipoint chart recorders. After a stable zero signal has 
been obtained, a span gas is supplied to each channel until a stable span 
value has been reached. This value is recorded on the multipoint chart 
recorders. Both the zero and span values should be within the tolerance 
limit specified; otherwise, the analyzer is recalibrated. The instruments are 


then returned to the monitor mode. 


The bottled NO span gas used for this purpose was obtained from 
Precision Gas Products. The SO, permeation tubes were manufactured by 


Metronics Associates, Inc. 
The Model OA350 ozone analyzer has its own calibration system, which 
provides a zero check and a span check. The zero and span check is also 


done manually once a day. 


The Model 8200 total hydrocarbon, methane, and carbon monoxide 


analyzer is calibrated with undiluted span gas obtained from Scott-Merrin. 
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This span gas contains methane and carbon monoxide in air; the methane 
being used to calibrate both the total hydrocarbon channel and the methane 
channel. The Model 8200 is zeroed with air from a Bendix Model 8834 zero 
air unit. In addition, the instrument is electronically re-zeroed at the start 
of every five-minute cycle. 
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° Multi-Point Calibration 


Monthly multi-point calibrations of all air quality instruments are 
performed. The purpose of the monthly calibration is two-fold: 1) to check 
the instrument linearity, and 2) to assign the values of the on-site 


calibration sources so that they are NBS traceable. 


The air quality instruments for SO.» H5S; O35 and NO/NO,. are 
dynamically calibrated by use of a Monitor Labs Model 8500 Dynamic 
Calibration System. This calibrator utilizes the permeation principle for 
SO, and HS, ozonation of air for ozone, and dilution of concentrated NO to 
ambient level NO, and can perform gas phase titration of NO and O3 for 
NO, calibrations. It is capable of producing stable concentrations for the 
purpose of calibration of the instruments. For the THC/CH,,/CO instru- 
ments, three cylinders of gases containing approximately 0, 4, and 8 ppm of 


CH, and CO are used to calibrate the analyzers. 


The calibrator's SO, permeation tube output is calibrated quarterly by 
using the EPA-prescribed pararosaniline method (Federal Register, Vol. 36, 
No. 84, Part II, April 30, 1971); HS output by the cadmium hydroxide 
stractan method (Intersociety Committee, American Public Health Associa- 
tion, Washington, D.C., 1972); and O03 output by the EPA-prescribed 1% 
neutral buffered potassium iodide (NBKI) method (Federal Register, ibid). 
The concentrated NO cylinder used (~ 100 ppm) is NBS traceable, and the 
traceability is maintained by re-analyzing the cylinder once every six 
months by using an NBS cylinder. The dilution system of the calibrator is 
checked once every three months by using an NBS traceable test meter. The 
NO dilution output from the calibrator is further calibrated quarterly by use 


of the Saltzman method (Intersocity Committee, ibid). 
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Cylinders used to calibrate THC/ CH,,/CO instruments are NBS 
traceable. The traceability is maintained by re-analyzing the cylinders once 
every six months by using an NBS cylinder. . 


The high volume sampler is calibrated monthly by use of a set of 
resistance plates which, in turn, is calibrated by using an NBS traceable 
Roots Meter once a year. The balance used for weighing glass fiber filters is 
calibrated quarterly by using a set of NBS traceable weights. 


1.2.3 Data Acquisition System 


Esterline Angus Model E1124E multipoint chart recorders are used as 
primary recording means to monitor data. The EA chart recorder logs data 
at 2-1/2-minute intervals. The data reflects the real time value at that 
instant. 


1.2.4 Meteorological Instruments 


fe) Site 023 


The meteorological tower itself is a 60-meter Rohn Model 80 Guyed 
Tower, designed for 40 pounds per square foot wind load with 1/2" of radial 
ice per EIA Standard RS-222-B, to support four levels of meteorological 
equipment. The material consists of tower sections with a tapered base, 
three retractable booms 12 feet long, three outside work platforms, an 
inside ladder for climbing, two base ground kits, and one anchor ground kit. 
The cable-type Safety Climbing Device consists of a cable and attachment 
mechanisms with a locking sleeve and safety belt. The tower is lighted and 


painted according to FAA specification. 


All instrumentation, except at the ground level, is mounted at the end 
of 12-foot retractable booms. These booms are 3-inch box beams which are 
on rollers and can be retracted to the instrument platforms for instrument 


maintenance. 
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The tower has instrumentation at three levels: 10 m, 30 m, and 60 m. 
There were wind speed and direction sensors at all three levels, and 
temperature, at the 10m -and 60m levels. Relative humidity, solar 
radiation and barometric pressure sensors are at the ground level. 
Temperature difference thermistors and their associated circuitry took lapse 
rate measurements for the 10 m to 60 m layer. 


Wind Speed and Direction 


The wind direction and speed apparatus used at each measurement 
level of the tower is the Model 1074-2 wind sensor by Meteorological 
Research, Inc. (MRI). This sensor has a 540° potentiometer for wind 
direction and a light chopper for wind speed. This sensor is rugged, with an 
all-weather cup and damped vane assembly. The wind sensors on the tower 
have been specially treated with a black paint which will promote warming 
of the exposed surfaces of the sensor and thereby reduce ice and snow 
accumulations on the moving parts of the apparatus. The specifications on 
the Model 1074-2 are as follows: 


Wind Speed 


Starting Threshold: 0.75 mph. 
Response Distance: 18 feet (63% recovery) 
Flow Coefficient: 7.9 feet/Revolution 


o Oo 0 90 


Precision: + 0.4 mph or 1% (whichever is greater) 
Wind Direction 


Starting Threshold: 0.75 mph 

Delay Distance: 4 feet (50% recovery) 
Damping Ratio: 0.5 to 0.6 

Precision (540° system): +1% 

Range: 0° to 540° 


oOo 0 0 0 
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Temperature 


The temperature sensors are mounted within a power-aspirated 
radiation shield at each tower level. The sensors are of the Model 840 by 
MRI. The aspirated shielded housing is designed to provide maximum 
radiation protection to the sensor. The temperature sensor provides a linear 
resistance change with an air temperature change. The specifications on the 


sensing elements are as follows: 


o Precision: + oA°¢ 
° Range: -30°C to +50°C 


Delta Temperature 


Measurements of temperature differences (AT) are taken for the 10 m 
to 60m layer by using the MRI Model 840 systems. Both of the AT 
thermistors are mounted within power-aspirated radiation shields. The 


specifications on the AT equipment are as follows: 


° Precision: + G:2°E 
o Range of AT Circuit: -5°C to +5°C 


Relative Humidity 


‘The relative humidity is monitored by using a WeatherMeasure H324—S 
hair hygrograph. It uses the time-tested human hair bundle as the sensor for 


relative humidity. The precision and range are as follows: 


° Precision: + 1% from 20% to 80%; + 3% at extremes. 
fe) Range: 0 - 100% 


Barometric Pressure 


The barometer is the B242 Analog Output Barometer by Weather- 


Measure. This barometer provides an output voltage that is linearly 
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proportional to pressure. The specifications on the instrument are as 
follows: 


fe) Precision: + 1 mm Hg 
fe) Range: 550-627 mm Hg 


Solar Radiation 


The pyranometer at the site is the Eppley Precision Spectral 
Pyranometer. This instrument is used for the measurement of sun and sky 
radiation totally or in defined wavelength bands. The pyranometer is 
levelled and mounted atop a wooden stand | meter from the ground surface. 
Care has been taken to eliminate the effects from all outside influences, 
such as reflection or shadows, on the pyranometer. The instrument 
characteristics are as follows: 


° Precision: + 0.05 ealicas Gaia 
o Range: 0-2 cal/em?/min 
re) Site 020 


Wind Speed and Direction 
The wind speed and direction apparatus used is the Model W1034 Low 


Threshold Recording Wind System by WeatherMeasure. The specifications 
are as follows: 


Wind Speed 


Starting Threshold: 0.6 mph 
Distant Constant: 5 feet 


Precision: + 0.2 mph or 1% (whichever is greater) 
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Wind Direction 


fe) Starting Threshold: 0.75 mph 
Distance Constant: 3.5 feet 


Precision: + 1° or 0.5% (whichever is greater) 
Temperature 
Same as described under Site 023, Temperature. 


Mixing Height, Inversion Height, and Stability Type 


An AeroVironment Model 300A acoustic radar is employed for the 
continuous measurement of the atmospheric mixing height, inversion height, 
and stability type. An acoustic enclosure is used to surround the antenna 
and thereby reduce any spurious noise received in the antenna side lobes. 


The specifications of the acoustic sounder are as follows: 


° Precision: + 10m 
° Range: 30-500 m 


A value of OS on the data sheets indicates that the mixing height is at least 
500 meters (the full scale of the instrument). 


o _ Sites 042 and 056 


Wind Speed and Direction and Temperature 
The wind speed, wind direction, and temperature equipment employed 


is the Model 1071 Mechanical Weather Station manufactured by Meteorology 


Research. The equipment specifications are as follows: 


Wind Speed 


Starting Threshold 0.75 mph | 
Response distance: 18 ft (63% recovery) 
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a) 


Flow Coefficient: 7.9 ft/revolution 
Precision: +2% 


Wind Direction 


ro) Starting Threshold: 0.75 mph 

0) Delay Distance: 4 ft (50% recovery) 

fo) Damping Ratio: 0.5 to 0.6 

oO Precision: + 1% of full scale 

° Range: 0° to 540° 
Temperature 
Precision: + 2°C 
Range: -35°C to 49°C 

fe) Miscellaneous 


Upper Air Wind Speed and Direction, and Temperature 


The upper air wind speed and direction as a function of altitude are 


"measured by tracking a pilot balloon by use of the double-theodolite 


technique. The theodolites used are manufactured by Warren-Knight. The 
specifications are as follows: 


° Precision: + 0.1° (elevation) 
+ 0.1° (azimuth) 
fe) Range: 0-90° (elevation) 


0-360° (azimuth) 


The upper air temperature as a function of altitude is obtained by 
attaching a temperature-sonde to a pilot balloon, and the signal transmitted 
from the temperature-sonde is monitored by using a radio receiver. The 
temperature-sonde is manufactured by Aeromet. The specifications are as 


follows: 
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o Precision: + 0.4°C (-40 to -5°C) 
+ 0.2°C (-5 to 80°C) 
fe) Range: -40 to +80°C 


The radio receiver is also manufactured by Aeromet. Its specifications are 
as follows: 


fe) Precision: + a2 ¢ 
fe) Range: -50 to +50°C 


re) Calibration 


Calibration of meteorological equipment is done off-site. The wind 
sensors are calibrated by use of an NBS traceable wind tunnel, the 
temperature sensors by use of an NBS traceable thermometer, and the 
pressure sensors by use of an NBS traceable mercury barometer. The 


relative humidity sensor is calibrated by using a sling psychrometer. 


Daily check of the meteorological equipment is performed by 
comparing the monitored data with that of the local weather service when 
applicable. Also, the data obtained from the different levels of the 60- 
meter tower is compared for consistency check. 


1.3 Data Description 


1.3.1 Description of Data Tables 


The data tabulations contain average values for each day, and the peak 
hourly average for the day. Along the bottom, the average for each hour, 
averaged over the month, is compiled. For these particular averages, there 
is no minimum data requirement (those averages are contained in Volume II). 
If a substantial amount of data is missing for any reason, the averages would 
be biased. Air quality is given in ug/m? usually, with values for NO, 
computed on the basis of the molecular weight of NO,, and those for HC and 
THC based on the molecular weight for CH, 
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On the wind direction sheets, "PV" and "PREV" indicate prevailing 
wind direction divided into 16 sectors with a "1" indicating a prevailing 
direction between 348.5 and 11.0 degrees, a "2" corresponding to 11.5 to 34.0 
degrees, and so forth. (i.e., a "1" indicates wind from the 22.5° sector 
centered on N, a "2" indicates winds generally from the NNE, and "3" from 
the NE, etc. 


Symbols used on the data sheets are: 


CA Calibration 

MT Maintenance (changing paper, tape, filters) 

FO Flame out (on the gas chromatographs) 

IM Instrument malfunction 

PF Power failure (generator failure, power outages) 

RF Recording system failure (chart jams, runs out, tape 
cassette fails, on-site computer goes down) 

LI Local interference (Car nearby, contamination by 
generator) 

OS Off scale (at top of chart data valve greater than 
range of instrument) 

SE Special experiment (instrument off-line for bag sample 
analysis or removed for special measurements in area. 

VA Variable wind direction 

IN Interference (CO. interference on sulfur data, SO, 
inteference in oxidant readings) 


NV Not visible (data not visible, within range of instru- 
ment/recorder; data presumed monitored) 


See the attached example sheets. 
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1.3.2 Data Acceptance Algorithm 


The EA chart recorder logs data once every 2-1/2 minutes giving about 
24 values per hour. Strip chart data is considered to represent the hour if 
more than 30 minutes of the record is valid 


Data collected in the first 15 minutes after calibration is generally 
discarded. Data is considered erroneous if any of the status indication or 
the station log suggests instrument malfunctioning. In addition, air quality 
data collected in the first 15 minutes after a brief power outage (less than 
10 minutes), in the first hour after a medium duration outage (up to one 
hour), or in the first four hours after longer outages, will be discarded as 
unreliable. Any anomalous data reflecting signal spikes or dropouts with a 
response rate faster than ascribable to atmospheric phenomena (e.g., a 
tripling of NO, levels from one scan to the next, followed by a return to the 
old level on the succeeding scan) will be deleted as an artifice caused by the 
system. 


As an additional check, the calibrated data is also screened manually. 
First, data is scanned to detect extreme values. When a spurious value is 
located, it will be checked for its validity. In all cases when invalidated 
data is deleted, a record of these deletions is maintained. Only the 
validated data will be reported. 
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Lower Limit 
of Data 
Validity 


Instrument 
| Lower Detection 
Limit 












Data 
Precision 





Parameter Instrument . 















Wind Direction Weathermeasure 


W 1034 (Site 020) 





Temperature MRI 840(Site 023) -50°C Ic -50°C 


MRI 1071 (Site 042,056) 








Delta 
Temperature 





MRI 840 N/A 0.2°C N/A 





















Relative Weathermeasure 3% 1% (20-80%) | 3% 
Humidity H324-S ; 3% (at 

extremes 
Barometric Weathermeasure B 242. 462 mm Hg 1 mm Hg 462 mm Hg 





Pressure 





Solar Radiation Eppley Spectral 0.05 0.05 


2 7 ae 
Pyranometer cal/cm”/min cal/cm”/min  cal/cm*/min 










Mixing Height 
Inversion Height 
Stability Type 


AV 300A 30 m 10 m 30m 
Acoustic Radar 





*whichever is greater 
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1.3.3 Data Precision and Lower Detection Limit 





Instrument Lower Limit 
Lower Detection Data of Data 
Parameter Instrument Limit Precision Validity 





Meloy SA185-2A 10 ug/m? 15 wg/m? 
Meloy SA185-2 6 g/m? 6ug/m? 
Monitor Labs 8440E “2 ug/m? 5 g/m? 
Monitor Labs 8400E 4 ps/ m? 5 ug/ m? 
NO, - NO 4 wg/m? 6 we/m? 
Bendix 8200 70 ug/m? 70 ug/m? 
Bendix 8200 70 g/m? 70 g/m? 
THC - CH, 70 g/m? 90 ug/m? 
Bendix 8200 0.1 mg/m? {0.1 mg/m? 


Meloy OA 350-2 2 ug/m? 20 g/m? 


GMWC-2000H 0.5 g/m? | 6% or 1 ug/m?* 1 g/m? 


Meteorology 


Wind Speed MRI 1074-2 0.5 m/s 1% or 1 m/s* 
(Site 023, 10m, 30m, 60m) 


MRI 1071 0.5 m/s 2% or | m/s* 
(Site 042, 056) 


Weathermeasure 0.5 m/s 1% or 1 m/s* 
W 1034 (Site 020) 

Wind Direction MRI 1074-2 N/A 
(Site 023, 10m,30m,60m) 


MRI 1071 
(Site 042, 056) 
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1.3.4 AV Nomenclature for Components 


Abbreviation 

(alphabetical order) Component 

BARP Barometric Pressure 

CH4 | Methane 

CO Carbon Monoxide 

DT2 Delta T#2 (Temperature at 60 m - Temperature at 10 m) 
HC Hydrocarbons (corrected for methane) 
H2S Hydrogen Sulfide 

INV Invension Height 

MIX Mixing Height 

NO Nitric Oxide 

NO2 Nitrogen Dioxide 

NOX Oxides of Nitrogen 

O3 Ozone 

PART Particulates (24 hour average) 

RHI Relative Humidity at level 1 (1 m/3 ft.) 
SOLR Solar Radiation (sky only) 

$O2 Sulfur Dioxide 

STB1 Stability Type at level 1 (50 m) 

STB2 Stability Type at level 2 (200 m) 

TEM2 Temperature at level 2 (10 m/30 ft.) 
TEM3 Temperature at level 3 (30 m/100 ft.) 
TEM4 Temperature at level 4 (60 m/200 ft.) 
THC Total Hydrocarbons 

WD2 Wind Direction at level 2 (10 m/30 ft.) 
WD3 Wind Direction at level 3 (30 m/100 ft.) 
WD4 Wind Direction at level 4 (60 m/200 ft.) 
WSs2 Wind Speed at level 2 (10 m/30 ft.) 

WwSs3 Wind Speed at level 3 (30 m/100 ft.) 
WS4 Wind Speed at level 4 (60 m/200 ft.) 
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1.3.4 


Final Output 


Project__176 


Date 


Final Data Summary Sheet 


me 
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1.4 Descriptive Regional Meteorological Summary 


May 1978 


Precipitation was above normal with two periods of snowfall. Most 


low pressures reformed and intensified over the Rocky Mountain area. 


Temperatures were below normal because the amount of sunshine was 


below normal. 
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PREFACE 





This volume is the final submission acquired during the air quality/ 
meteorology portions of the monitoring program for oil shale tract C-b. The 
period covered runs from 1 May through 31 May 1978. 


This report is divided into two volumes. Volume I contains all of the 
basic data (hourly averages). Volume II contains all of the computer analysis 


reports. 
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SECTION 1.0 


GENERAL 
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10 GENERAL 
1.1 Introduction 


AeroVironment Inc. is performing an air quality and meteorological 
measurement program on the C-b shale oil tract for C-b Shale Oil Venture. 
Various parameters of air quality and meteorological data are collected ata 
network of sites. A listing of data collected during this month is contained 
in Section 1.3 of Volume I. 


1.2 Description of Reports 


1.2.1 Downtime Hours Report 


This report calculates the numbers of hours of downtime by component 
and by site for each day. Downtime hours are: 


MT (Maintenance) 

FO (Flame Out) 

IM (Instrument Malfunction) 
PF (Power Failure) 

RF (Recording Failure) 

SE (Special Experiment) 


Uptime hours are: 


Numerical data values 
CA (Calibration) 

LI (Local Interference) 
OS (Off Scale) 

IN (Interference) 

VA (Variable) 

NV (Not Visible) 
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See section 1.3.1 for additional description of the letter codes. Hours before 
an instrument began operation are ignored. Percentage efficiency is the 


number of hours of uptime divided by total hours of data expected. 
j Rey er Stability Class from AT Report 


Hourly values of stability class have been defined by using the 
Pasquill-Gifford stability classes. (Classes A-—G) with Class A being the 
most unstable and Class G the most stable. They are determined from .AT 
and corrected for wind speed according to the following formulas: 


Class AT CC/100m) 
A < 219 
B - 1.9 to - 1.7 
Cc - 1.7 to - 1.5 
D - 1.5 to - 0.5 
E -0.5to 1.5 
F 1.5to 4.0 
G > 4.0 


Wind Speed Adj ustment 


Stability Wind "Adjusted 
From AT Speed (WS) Stability" 
m/s 


A WS<2.00 
2.00<WS<5.00 
5.00<WS<6.00 
WS>6.00 


B WS<5.90 
5.00<WS<6.00 
WS>6.00 


Cc WS<6.00 
| WS>6.00 


D ALL SPEEDS 


WS<5.00 
WS>5.00 


um G9 ON UNF BNV> 
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Stability Wind "Adjusted 


From AT Speed (WS) Stability" 
m/s 
F WS<3.00 F 
3.00<WS<5.00 E 
WS>5.00 D 


Letter codes are used when the stability class cannot be determined 
(as when there is no AT data). If the wind speed data does not exist, the 
stability class will still be determined, but it will not be corrected for wind 
speed. These hours can be determined by looking for the malfunction codes 
in the next report, "Wind Speed and Direction by Stability Class". 


1.2.3 Wind Speed and Direction by Stability Class Report 


The hourly wind speed and direction (unit vector averaged) is 
determined for each hour of stability class data. A separate report is 
produced for each stability class, so wind speed and direction will only be 
printed in the hours where that particular stability class exists. If wind 
speed data does not exist, a malfunction code (see Section 1.3.1) will be 
printed in its place. The stability class will still be determined on the 
stability class report, however it will not be corrected for wind speed. If 
wind direction data does not exist, malfunction codes are printed in their 
place. Since a separate report is prepared for each stability class, blanks 
between brackets indicate that the hour in question is not the stability class 
of that report. 


1.2.4 Five Maximum Independent Sliding Averages Report 
The five highest sliding averages in a month are determined for each 


of the various air quality parameters for the periods for which there is a 


standard: ~ 
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Component Averaging Time 


Ozone 1 hour 

Carbon Monoxide 1 hour, 8 hours 
Sulfur Dioxide 3 hours, 24 hours 
Particulates 24 hours 


Hydrocarbon (corrected 


for methane) 3 hours (6-9 am only) 


The average is a "sliding average" for all averaging periods greater 
than 1 hour. Thus the first 8 hour average checked would be hours 00 
through 07, the second one checked would be 01 through 08, and so forth. 
After the highest average has been determined, none of those values (8 in 
the case of an 8 hour average) would be used to determine the second 
highest average. Thus, a single high hourly average will only effect a single 


independent sliding average, no matter what the averaging period is. 


The minimum sample size for determining these averages is: 


Time Interval Minimum number of observations 
'3-hour running average 3 consecutive hourly observations 
8-hour running average 6 hourly observations 

24-hour 18 hourly observations 

Monthly 21 daily averages 

Quarterly 3 consecutive monthly averages 
Yearly 9 monthly averages with 


at least two monthly averages 


per quarter. 


(From the EPA Quality Assurance Handbook). 
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P32.5 Monthly and Daily Averages 


A separate report was created to produce daily and monthly averages 
of all parameters. Unlike the averages printed on the hourly tables (in 
Volume I), the averages in this report must have 50% of the values except 
for temperature and relative humidity which require 75% because of possible 
diurnal bias. 


1.2.6 Monthly and Daily Vectorial Wind Averages Report 
This report calculates true vectorial wind averages for both wind speed 
and direction. The hourly tables in Volume I use a standard mean for wind 


speed and a unit vector average (vectorial average where wind speed is set 


equal to 1) for wind direction. 
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1.3. Data Description 


1.3.1 Description of Data Symbols 


Symbols used on the data sheets are: 


CA Calibration 

MT Maintenance (changing paper, tape, filters) 

FO Flame out (on the gas chromatographs) 

IM Instrument malfunction 

PF Power failure (generator failure, power outages) 

RF Recording system failure (chart jams, runs out, tape 
cassette fails, on-site computer goes down) 

LI Local interference (Car nearby, contamination by 
generator) 

OS Off scale (at top of chart data valve greater than 
range of instrument) 

SE Special experiment (instrument off-line for bag sample 
analysis or removed for special measurements in area. 

VA Variable wind direction 

IN Interference (CO. interference on sulfur data, SO, 
inteference in oxidant readings) 

NV Not visible (data not visible, within range of instru- 


ment/recorder; data presumed monitored) 

See the attached example sheets. 

1.3.2 Data Acceptance Algorithm 

The EA chart recorder logs data once every 2-1/2 minutes giving about 
24 values per hour. Strip chart data is considered to represent the hour if 
more than 30 minutes of the record is valid. 

Data collected in the first 15 minutes after calibration is generally 
discarded. Data is considered erroneous if any of the status indication or 


the station log suggests instrument malfunctioning. In addition, air quality 


data collected in the first 15 minutes after a brief power outage (less than 
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10 minutes), in the first hour after a medium duration outage (up to one 
hour), or in the first four hours after longer outages, will be discarded as 
unreliable. Any anomalous data reflecting signal spikes or dropouts with a 
response rate faster than ascribable to atmospheric phenomena (e.g., a 
tripling of NO, levels from one scan to the next, followed by a return to the 
old level on the succeeding scan) will be deleted as an artifice caused by the 
system. 


As an additional check, the calibrated data is also screened manually. 
First, data is scanned to detect extreme values. When a spurious value is 
located, it will be checked for its validity. In all cases when invalidated 
data is deleted, a record of these deletions is maintained. Only the 
validated data will be reported. 
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‘1.3.3 Data Precision and Lower Detection Limit 





Instrument Lower Limit 
Lower Detection Data of Data 
Parameter Instrument Limit Precision Validity 


Air Quality 

























Meloy SA185-2A 15 g/m? 15 yg/m? 


Meloy SA185-2 6ug/m? 6 g/m? 


Monitor Labs 8440E 5 ug/m? 5 ug/m? 


Monitor Labs 8400E 5 ug/m? 5 ug/m? 


NO, - NO 6 ug/m? 6 ue/m? 


Bendix 8200 70 ug/m? 70 ug/m? 


Bendix 8200 70 g/m? 70 ug/m? 


THC - CH, 90 g/m? 90 g/m? 


Bendix 8200 0.1 mg/m? | 0.1 mg/m?(— 


Meloy OA 350-2 20 pg/m? 20 ug/m? 


GMWC-2000H 6% or 1 yg/m?* 1 pg/m? 





Meteorology 















Wind Speed MRI 1074-2 


(Site 023, 10m, 30m, 60m) 


0.5 m/s 1% or 1 m/s* 








MRI 1071 0.5 m/s 


2% or | m/s* 
(Site 042, 056) 





Weathermeasure 0.5 m/s 
W 1034 (Site 020) 


1% or 1 m/s* 


MRI 1074-2 N/A 
(Site 023, 10m,30m,60m) 


Wind Direction 












MRI 1071 
(Site 042, 056) 
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Instrument Lower Limit 





Lower Detection Data of Data 
Parameter Instrument Limit Precision Validity 
Meteorology (Cont'd) 
Wind Direction Weathermeasure N/A 1% N/A 


W 1034 (Site 020) 


Temperature MRI 840 (Site 023) -50°C me: 50'S 

MRI 1071 (Site 042,056) -35°C re...: a Bf 
Delta zs 
Temperature MRI 840 N/A 0.2=C N/A 
Relative Weathermeasure 3% 1% (20-80%) | 3% 
Humidity H324-S 3% (at 

extremes 

Barometric Weathermeasure B 242 462 mm Hg 1 mm Hg 462 mm Hg 
Pressure 
Solar Radiation Eppley Spectral 0.05 2 0.05 5 0.05 > 

Pyranometer cal/cm~/min cal/cm’/min cal/cm*/min 
Mixing Height AV 300A 30 m 10 m 30 m 
Inversion Height Acoustic Radar 
Stability Type 


*whichever is greater 
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1.3.4 AV Nomenclature for Components 


Abbreviation 

(alphabetical order) | Component 

BARP Barometric Pressure 

CH4 Methane 

Co Carbon Monoxide 

DT2 Delta T#2 (Temperature at 60 m - Temperature at 10 m) 
HC Hydrocarbons (corrected for methane) 
H2S Hydrogen Sulfide 

INV Invension Height 

MIX Mixing Height 

NO Nitric Oxide 

NO2 Nitrogen Dioxide 

NOX Oxides of Nitrogen 

O3 Ozone 

PART Particulates (24 hour average) 

RHI Relative Humidity at level 1 (1 m/3 ft.) 
SOLR Solar Radiation (sky only) 

SO2 Sulfur Dioxide 

STB1 Stability Type at level 1 (50 m) 

STB2 Stability Type at level 2 (200 m) 

TEM2 Temperature at level 2 (10 m/30 ft.) 
TEM3 Temperature at level 3 (30 m/100 ft.) 
TEM4 Temperature at level 4 (60 m/200 ft.) 
THC Total Hydrocarbons 

WD2 Wind Direction at level 2 (10 m/30 ft.) 
WD3 Wind Direction at level 3 (30 m/100 ft.) 
WD4 Wind Direction at level 4 (60 m/200 ft.) 
WS2 Wind Speed at level 2 (10 m/30 ft.) 

WS3 Wind Speed at level 3 (30 m/100 ft.) 


WS4 Wind Speed at level 4 (60 m/200 ft.) 
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SECTION 2.0 


REPORTS 


II B-1239 


° Ont 
SOPOT EPESEEE ER EEEEEEES 
. . ° 
8 gi/9Nv/90 30 Sv ® 
» vWivO INI ® 
' s s 


< CPOSORO ESO TESEEEEORES OOvy0I09 °i3afOud 





Gl CT OL el 06 
09t @eSt o9t O99 O24 


] e g g C] 
9 9 9 9 0 
9 9 9 9 0 
0 0 0 0 0 
0 0 0 0 0 
0 0 0 0 0 
0 ti) 0 0 ri 
0 0 0 0 a 
0 0 0 0 Sl 
0 t) 0 0 9 
0 0 0 0 0 
0 0 0 0 ef 
0 0 0 0 0 
0 0 0 0 0 
et 23 et 21 0 
91 91 91 91 0 
ht bt ot ot 0 
0 0 0 0 0 
0 0 0 0 0 
0 0 0 0 0 
0 0 0 0 1 
0 0 0 0 1 
ot ot ot ot 0 
et 23 et et t] 
et gt et et S 
9 9 9 9 £ 
et 91 et et 2 
ee be pe oe t 
ot ot ot ot 0 
0 0 0 0 0 
0 0 0 0 0 


26416 ANI Seis KIW TOM 


AIN3WNOUTAOUSY 
@l63 AWW 
o2 3418 
aWHs 130 8°) 


w¢ A. t 


46 


—] 
a] 


-_ 


eoooooooococoocoococoeocoocooecccocoooos 


Té™ 


(QL Mdv $0) 


SHUM TFNOrF oe 


ava 


480038 AINSII1943 LN3IN3d GNVY SSNOW BWIANMOG 


uloov 


1an7o 


II B-1240 


Se 


FOR men ee nen + 


ON me 


ree 


a 


0 ad 


bol 9t 


c 
ec 


ol. 


he 
h2 
he 
he 
n2 
n2 
be 
he 
be 
he 
he 
he 
2 
he 
he 
be 
he 
be 
be 
he 
ne 
te 
ne 
he 
he 
be 
he 
he 
be 
he 
be 


,evzwo 
uN 


~ 


croocomocecomoocoocooceocoom 


sv 
ww 


eceooocooooo eoooooocoocoooooooooooososso -) al 
c 
~ 


coooooooomoococooocoocoooooscoooeooesoo7F nm > 
eocoooocoooonMmooccococooocoecoocooocoooose 
ecoooosoomoocoocovocococcococcosoor7sococo n” > 


: £0 XON ON G2H 210 09 


; ONT AN3WNOULAOHSRY ' 
SCRCOSE ETE TEESE ESE EES : 


PY s lot ‘Avw 
; - 8 eisonv/e0 JO Sv ® 
s vivod Ivnis ® £e 3118 
a s 
POSES TEU E TESTES REET ESE OOvy0I0S *493f08d 3IVHS IO 8-9 
Mma ; 


t 


t 


Hol 


0 
h 


h 
o 


ecoocomoocoomoooooscoooomn 


secor 
wen 


1 
2 
2 


pH 


{el udv $0) 


66 447% 


al 


If 
o£ 
62 
e2 
le 
92 
S2 
he 
£2 
22 
12 - 
02 
61 
et 
ut 
91 
st 


coocoooocomoooooosozvoecoccococoooooseoSo 


SNA ITN OF OF 


duva Ava 


4HO0d3u AINSIIISSI 1N3IN3d ONY GYNOH 3WIINNOG 


uldoy 


oe 


II B-1241 


ae 
“i 


OUWNTIME HOURS AND PERCENT EFFICIENCY REPORT 


Resahancaenennnannecead 


CeB OLL SHALE PROJECT, COLORADO 


PINAL OATA 
AS OF 08/AUG/76 


23 
19768 


SITE 


Benaaaanrananteanaanesad 


MAY, 


AEROVIRONMENT INC, 


wS2 wS3 wS8s 


w04 


TEM2 THC wWO2 wO3 


RHi $02 


OAY 


eocooooocooocoeocoececcoccoececsocooococcoeocs 
- 


oo vosoococo0ceoesg0o0o0oecceccecoeococoeoecococecsoeos 
- 


qoosoooonroocoocoocooocoeoeo0o0cccecoeccoscs 
Cad 


ooooooocoosoccoccococecocooe sor szq0q00q0zq0zgz0°o0 
”- 


ooooo sovnwsoocoooococonoococcoocoosoooceos 
- 


eo soocooconrocosvacccecooocooeococccocoeroso 


moocooooccococmn o 
-~ 


7v s v7 
Or) ane uu 


ooooo0oocecocococ0o0cosoo#oostzsooocococccoesese cS 
5 - 


eooooocoooconmoooecsooosscqoq00q0e0eqr7 orzr0q0q00 3 


eoooosvooocococosaogqozag00nNnszqqq00q0000c o02 


SeUnmsryNoroe 


10 


II B-1242 


” 
— 


19 10 19 10 10 


10 


TT 


99 99 98 67 96 97 98 97 98 96 


2EFF 


(0S APR 73) 


aoore 


( 


) 


SSCSSESTSSSSSSSEVESETESE 


s s 
. eL/9nv/e0 40 SY & 
. vivo IWNId . 
e e 


SCSSTSSSESTESSESESEEEEESD 


of. OF Ce 
Siv @Sb Sn 


0 0 0 
0 0° 0 
0 0 0 
0 0 0 
0 0 0 
0 0 0 
ay 0 0 
0 0 0 
nt 2t 21 
be 6 6 ~ 
b2 2 be- 
91 91 ot, 
: 0 0 0 
1 £1 +m | 
pe he be 
pe be be 
dl Lt at 
ve he v2 
ne be be 
b2 b2 b2 
22 22 22 
6 6 6 
p2 2 he 
‘ p2 he te 
v2 he he 
b2 he te 
pe he p2 
p2 he b2 
ne he h2 
ne be be 
b2 v2 02 


tw3l OM TEM 


®ONT IN3WNOUTAON3Y 

@L61 ‘AVW 

20. 3s 

OGvs¥0109 4493F0¥d BVWHES 10 Bed 


d43% 


ai 


ie 
o£ 
62 
02 
Le 
92 
Se 
be 
fe 
ee 
te 
02 
61 
et 


ANMINOK OC 


ava 


‘ (@2 ud 60) 


440d3u AINSTIISS3 1N3IH3d ONY SYNOH JBWILNMOO 


uiany 


II B-1243 


— 


’ Sb 9 
v2 l 
{ 2 ¢ 
0 0 
0 0 
0 0 
0 0 
; 0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 £ 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
; 0 0 
0 0 
0 0 
. 6 J 
2 0 
0 0 
g g 
1 1 
0 0 
0 0 
% t 
twod 
C ; *9ON3 ANSWNOUTAOUSY 
SPOR HSS ESSERE ESE CEEEEES 
® s @L6t “AvW 
® @479Nv7900 30 Sv «& 
° vivo INI a 4 9S 3116 
° r 


OEDCOOOETTO CEO TORSTORE OOv¥0IDD *ADBFOUd JZIVHES WO Qed 


- ¢F 


wooemonramooocoococococomocsecoocoszscoooooa. 


tsMm 


SHUNMINoOroe 


ava 


(@4 Ydv SO) 


4H0d3u AINSI93943 AN3IN3d ONY SHNON BWILNMOG 





uianyv 


mo 


II B-1244 


2 RR ST em Ree, 2 OU RUE 


Oe ee ee re 


em 


(wT) 
(wl) 
tw) 
(wI) 
tal) 
(eI) 
(wl) 
(wl) 


tw) 


{wl} 
(wl) 


3 tT) 


(wT) 
tw) 
tw) 
(wl) 
(WI) 
t (WI) 
(wl) 
(WI) 
tw) 
twl) 
(WI) 
(wl) 
(W1) 
(w1) 
‘ (wT) 
(w1) 
(wI) 
‘ (WI) 
(w1) 


£2 


(wr) 
(wl) 
(wt) 
(41) 
(wl) 
(wT) 
(wl) 
(41) 
tw) 
(wt) 
(wl) 
(wl) 
{WI} 
(WI) 
(WI) 
(wl) 
(wr) 
(WI) 
(wl) 
(wT) 
(WI) 
tw) 
(wt) 
(wt) 
(wl) 
(wl) 
(wT) 
(WI) 
(Ww) 
(wI) 
(wT) 


22 


tt) 
twit) 
(wt) 
(wt) 
(wT) 
(wl) 
tal) 
(HI) 
(wl) 
(wl) 
(wl) 
(wl) 
(wl) 
(wl) 
tw) 
(wl) 
(wl) 
(wr) 
(wt) 
(wr) 
(WI) 
(wl) 
(wl) 
(WI) 
(wT) 
(wl) 
(WI) 
tw) 
(wl) 
(wl) 
(w1) 


te 


f 
‘ 
SSSSESSET ESTEE ESESE ES 
s 8 
; . e.sonvse0 20 SY ® 
s vivo TwNIgd . 
s s 
4 SFSESSSSTET ESTE SSH EEES 
1 s3a5vd 
\ 
WO 


S/W 8033d8 Onlm 


tw} 
(wt) 
tw) 
(wt) 
(wi) 
(wt) 
(wd 
(wl) 
(wl) 
tw) 
(wt) 
(WI) 
(wl) 
(wt) 
(wl) 
(wr) 
(wt) 
(wt) 
(wt) 
(wl) 
(wt) 
(W1) 
(WI) 
tw) 
{wl} 
(WT) 
(wt) 
(wI) 
(wl 
(wt) 
(wT) 


02 


tnt) 
(wt) 
(wl) 
(WI) 
(at) 
(wl) 
(wl) 
(WI) 
{w1) 
(wt) 
(wl) 
(wI} 
(wl) 
(WI) 
(WI) 
(WI) 
(wt) 
(wl) 
(wt) 
(WI) 
(wi) 
(WI) 
(wT) 
(WI) 
(WI) 
(wT) 
(wT) 
(WI) 
(wt) 
(WI) 
(wl) 


ot 


fw) 
(wl) 
(wt) 
(WI) 
(wt) 
(WI) 
(wl) 
(wl) 
(wl) 
(aT) 
(wl) 
(Wl) 
(wl) 
(41) 
tal) 
(al) 
(wl) 
(wT) 
(W1) 
tw) 
(wl) 
(WI) 
(Ww) 
(wt) 
(WI) 
(WI) 
(wt) 
(WI) 
(wt) 
(wl) 
(WI) 


et 


{wt} 
twt) 
(wT) 
(nd) 
(wI) 
(hI) 
(wl) 
(Ht) 
tw) 
(wt) 
(wl) 
(WI) 
tw) 
(wt) 
(wl) 
(WI) 
(WT) 
(wI) 
(wI) 
(Wl) 
(wl) 
(wT) 
(wl) 
(wI) 


tw) 


(WI) 
(WI) 
(wT) 
(WI) 
(WI) 
(WI) 


au 


{wl} 
(wi) 
(wT) 
(wl) 
(wl) 
tw) 
(wl) 
(wi) 
(wl) 
{w1} 
(wt) 
(WI) 
(wl) 
(wT) 
(wr) 
(wI) 
(40) 
{w1) 
tw) 
(wt) 
(wl) 
(wt) 
(wl) 
(WI) 
(WI) 
(wt) 
(wl) 
(WI) 
(nT) 
(WI) 
(wI) 


91 


tw) 
Iwi) 
(WI) 
(wt) 
(wt) 
twI) 
(WT) 
tal) 
(KI) 
(hl) 
(41) 
(wI) 
(wT) 
(wT) 
(WI) 
(wt) 
(wt) 
(wT) 
(wT) 
(Ww1) 
(w1) 
tw) 
(Ww) 
(wl) 
(wl) 
(WI) 
(wT) 
(Ww) 
(WI) 
(WI) 
(WI) 


st 


(WT) 
(wr) 
(wt) 
{wI) 
(wT) 
(WI) 
(WI) 
(w1) 
(44) 
{NI} 
(HI) 
(WY) 
(wI) 
(w1) 
(wl) 
(wl) 
{W1) 
(wI) 
(wl) 
(WT) 
(Wr) 
(wI) 
(WI) 
(wl) 
(wl) 
(HI) 
(WI) 
(w1) 
(wt) 
(WI) 
(WI) 


ot 


twit 
(wt) 
(wT? 
(wl) 
(w1) 
(rll) 
(WI) 
(ur) 
(44) 
(wT) 
(wt) 
(wl) 
(WI) 
(wl) 
(WI) 
(Wit) 
(wr) 
{(wI) 
(w1} 
(wl) 
(Wt) 
(WI) 
{WI} 
(WI) 
(WI) 
(WT) 
(WI) 
{wt} 
(w) 
(wt) 
(wt) 


£t 


(wT) 
(wt) 
(wl) 
(wt) 
(wT) 
(wil) 
(WI) 
(WI) 
(34) 
(WI) 
WI) 
(wt) 
(WI) 
(WI) 
(WI) 
(wt) 
(wl) 
(wI) 
(HT) 
(wl) 
(wl) 
inl) 
(wT) 
(WI) 
tw) 
(WI) 
(WI) 
(WI) 
(WT) 
(WI) 
(w1) 


et 


(Ww) 
(wl) 
(wt) 
(WI) 
(WI) 
(WI) 
tw) 
(wl) 
(34) 
(WI) 
(wl) 
(wr) 
(Ww) 
[wI) 
tw) 
(WI) 
(wit) 
(WI) 
(w1) 
(WI) 
(WI) 
(WI) 
(WI) 
(HT) 
tw) 
(WI) 
tnt) 
(WI) 
(wT) 
(WI) 
(WI) 


tt 


(S3WI1 OevONVIs6 1¥3907) 


*ONI ANSWNOUTAON3YV 


@L63 ‘AVH 


fe ils 


OOVHOIND “493f0Ud JDIVHE TIO 8-9 


a 


BNWA O33dS GNI¥W 3M) 
{WI} [WI) (wt) 
(wT) (WI) (wt) 
(wl) (WI) (WI) 
(wl) (wl) (Wr) 
(WI) (wl) (Wr) 
(WI) (WI) (wt) 
(WI) (41) (wt) 
(WI) (WI) (wT) 
(4y) (44) (44) 
(wI) (WI) (WI) 
(w1) (HI) (wt) 
(KI) (WI) (wT) 
(wI) (WI) (WI) 
(WI) (WT) fw) 
(wI) (WI) (HI) 
(WI) (WI) (WI) 
(WI) (WI) (WI) 
(WI) (WI) (WI) 
(WI) (WI) (WI) 
(WI) (WI) (WI) 
(WI) (WI) (wI) 
(WI) (wl) (wr) 
(KI) (WI) (wt) 
(WI) (WIi (WI) 
(hI) (WI) (WI) 
(WI) (WI) (WI) 
(WI) (WI) (WI) 
(WI) (WI) [WI] 
(Wil) (WI) (WI) 
(wI) (WI) (WI) 
(WI) (WI) (WI) 
ot 60 80 

uNnOwH 3019 


(wr) 
tw) 
{WI} 
{wl} 
(WI) 
(WI) 
(WI) 
(HI) 
(4H) 
(wt) 
(WI) 
(WI) 
{(wI) 
(wl) 
(WI) 
{WI} 
(HI) 
(wl) 
tw1) 
(WI) 
(wr) 
(WI) 
(wl) 
(wt) 
(wi) 
(WI) 
(HI) 
(WT) 
(WI) 
(WI) 
(WI) 


io 


{9h Hdv $9) 


“dtor 


ANOWIIM ESVID ALTVWeVLE S3ivIION1 


(wl) 
tw) 
(wi) 
(wt) 
(wl) 
(wl) 
(Ww) 
(W1) 
(44) 
(wl) 
(wl) 
(wl) 
{w1) 
tw1) 
(wt) 
(wl) 
(wl) 
(wr) 
(wt) 
(WI) 
(WI) 
(wl) 
(WI) 
(WI) 
(WI) 
(WI) 
(WI) 
(WT) 
(wI) 
(WI) 
(WI) 


90 


(WI) 
(41) 
(HI) 
(HI) 
(wl) 
(wt) 
(wl) 
(wI) 
(49) 
(dT) 
(wT) 
(wil) 
(Ww) 
(nl) 
(wt) 
(WI) 
(wt) 
(Ww) 
(WI) 
(Ww) 
twI) 
(wl) 
(Ww) 
(w1) 
(WI) 
(wt) 
{(wI) 
(WI) 
(WI) 
(WI) 
(WI) 


so 


{HI} 
twit 
(wl) 
(W1} 
(WI) 
(WI) 
{w1} 
(wT) 
(wl) 
(WI) 
(WI) 
tw) 
(wl) 
(WI) 
(WI) 
(WI) 
(W1) 
(WI) 
{wI) 
(wT) 
{WI} 
(wl) 
(W1) 
(WI) 
(wI) 
(WI) 
(WT) 
(WI) 
(WI) 
(WI) 
(wT) 


no 


twr) 
(wt) 
fw) 
(Wl) 
{wl} 
(wl) 
(1) 
(WI) 
(WHI) 
(Ww) 
(wt) 
(WI) 
(WI) 
(wl) 
(Ww) 
(Ww) 
(wl) 
(Ww) 
(wt) 
(WI) 
(W1) 
[W1) 
(W1) 
(WI) 
(Ww) 
(HT) 
(KT) 
(hl) 
(WI) 
(wI) 
(HT) 


£0 


tw) 
fwt) 
(wT) 
tw) 
(WI) 
(WI) 
(wl) 
{wI) 
(wt) 
(wt) 
(WI) 
(wI) 
(WI) 
(w1) 
(wT) 
(wt) 
(WI) 
tw) 
tw) 
{WI} 
(wi) 
(wr) 
(WI) 
(wt) 
(wl 
(WI) 
(wI} 
(wl) 
(WI) 
(WI) 
(w1) 


20 


(w1) 
(Ww) 
{WI} 
(Ww) 
(wT) 
tan 
(wl) 
(wT) 
fw) 
(wi) 
(nil) 
(wT) 
(WI) 
(WI) 
{W1) 
THI) 
{W1) 
(41) 
(WI) 
(WI) 
(WI) 
(WI) 
(wT) 
{WI} 
(wT) 
(wt) 
(WI) 
(wr) 
(wI) 
{wI) 
(WI) 


10 


(WOt@ dW3al © WO9G dH31) 2M 2 W130 


wOSS O3NTWH3I30 ALITIGVIE 
440d38 SEVID ALIIIGVIS 


(wl) 
(hI) 
{(W1) 
(wt) 
(WI) 
(WI) 
(wl) 
(WI) 
{Ww} 
(WI) 
(WT) 
(w1) 
(nT) 
(Wl) 
(WI) 
(WI) 
(wl) 
(WI) 
(Ww) 
(WI) 
(WI) 
(WI) 
(WI) 
(W1) 
(wI) 
(WI) 
(WI) 
(WI) 
{W1) 
(WI) 
(wil) 


00 


mi 


—Nynwsrwor aero 
- 


ava 


II B-1245 





STABILITY CLASS REPORT 


OELTA T #2 (TEMP @60M © TEMP @10M) 


STABILITY OETERMINEO FROM 


aanatenneaneaaneasenee 


CoB OIL SHALE PROJECT, COLORADO 


FINAL OATA 
AS OF 086/AUG/78 


23 
MAY, 1978 


SITE 


en2eateaeanneakaneneees 


AEROVEIRONMENT INC, 


i. 4 - 
°o a 
wo w 
z 
2 ~ 
o - 
~ 
- o 
o a 
waa 
4 o 
bate = 
om<« 
ne 
oan 
zw 
<«uwJ 
<« 
oyu 
wreo 
wew 
au~ 
n- 
o 
o< 
zea 
+1n> 
= t=] 
=z 
> 
Y = 
4 =) 
2 ° 
°o = 
=z uo 


04 05 06 o7 06 09 10 11 12 13 14 15 16 17 i6 19 20 et 22 23 


03 


OL 


00 


tn Nem a enon aed 


) 
) 


— 


on 


II B-1246 


— eo 


--— = 


o- = Se AS 


CN Ee DE ee eed 


15 C 


=a = 


nS 


-=— = 


M/S 


WIND SPEED? 


(05 APR 78) 


AQscr 


e#eesee##s 
e . 
. s . 
« = 
« o * 
e. ~ *@ 
« <=~N * 
a - wo o mm Fe Nee Be ee eee Bee ee Bee te a ae ee a ee id 
. «Jo e ~ 
e o<« * 
e ~ « ee 
. . a ® e 
« «zo 5 ~ Cian hea ia ean teen teen ican tan tan tan than an tan Banta ted 
nm . 2 * ~ 
. ~u e 
* uo e ee ee ee ee 
« « 
~~ . ” * -« SO OO me my 
w * <« « ~ 
o * oe 
a s e ee 
a eeeeee 
< o Catan ten tee tee tee tee tee a ed ae ee ee ae ee 
~ 
° eee es ee 
a Ce eden an tan tan tan ten then tan Bean ten tan Ean Eee tan Dan 
-_ 
i=] 
‘ o eee ee ee ee et ee ee et 
. <« 
: 4 2 Te tes Heme dan tan an Man the am than tm an Been Dan Dan Eten 
oOo - 
S) 
; ~ Ce eet ae ee ee ee ee ee ee ee 
5 . Md - 
~ 
o ee ed ee 
w 
. ber e o> Ce ten Ben tee Dee Dae Ea Bee Bae De ee Dee ae oe ee ee ed 
o vo - 
«x 2 : 
’ a r= ee ee ee 
w - w en Meee Ben Mean Been Mean Meee Bae Bn Been Bean Pan Ban Ben eon Bn) 
2 a 2 - 
< w « ad 
. zx =x o n eee ee et et eee ee ee ee ee et ee ee 
” nm os 2 wu w 
. ~ ~ o =z s Cian ten Ten dien ten tae ee tee ten tn tan ae ean te ad 
~ sc « z =~ - 
5 ~ a m o - 
o > ~- ee eee 
w .- Oo - So 
@ i > x uo e ” Ce Ne Ae ee Re Ree Dee ee hae oe ee eed 
‘ ty ~ < WwW w<ate<« - 
o ” =z < i. 4 o 
. ~ z ee ee ee 
on<« 
nied nD ~ Cl ee ee Ee Eee Ree ee De ee Eee ee ee ee ed 
, o<o - 
2 
<auyu ee ee et ee ee ee ee et ee ee eet 
2 < 
. oru - FR 0 0 NO Oe Oe OF Oe OO OR OR OER OT OD 
wWweo ~ 
Wet 
. au~ ee ed 
Y— 
. a > (ele an tan dan dtan ten than tan an han tea Ra Ieee tan can toed 
o<« - . 
zea 
oD ee ee 
= o 
. p= ce ten Ben Mean Beet Hon Mam Mean Meme Ben Mee Bean Peon Bee Been Be I 
bd o 
~ 4 
' a vo ee ee ed 
. 2 o 
' o a = See ee Bee Dee Ee De Dee Be ee ee Reon Be ee ee ee aed 
x uo o 
ee ee ee et et ee ee et et ee es 
. - 
=z ~ CE ce De ic Ee De ee ee ee Eee ee ee ee ed 
° o 
- 
2 ed ee ee 
a oo Ce Ne Re Re Dee Bee ee Ree ee oe ae eee ae ee eo) 
= J 
. w 
xe Oe ee 
°o - 
. as w Fe eee Ree Nee tien Bean Bee ee Dee eee Do Bean Been Ree een end 
-e o 
° a =. 
ooo ee ee et ee ee et et ee ee 
aw. 
. wze 4 Stee tan tan tates ta teen Mm Bean teen Dean Been Bee een Been od 
cn“ o 
za 
onaz Oe ee ee 
' Oww L 
. <r nm Ce ee Dee Re Re ee Dee Be ee oe ee oe ee ae ae) 
jaw~ o 
vo 
~ ee ee ee 
->2 
-- ~ Ce tan temn Tame tee tae tae Bea Be Be Be an ee ee ho ed 
~~ > 
= | 
~~ ae Ce en en nn oe ee ee 
ovr 
<< - Cee tendan een teen ten ten ean ten ten etn Ree teen Tee teed 
- ew ° 
nono 
Od 
. o i NN Ee Ec Ni De ee Ec ee ee ee ee ee) 
o 
ee ee ee 
Sa ~ cal e o - ~~ m 7 w 
~ - - - ~ nN ~~ ~ ~v ~~ 


II B-1247 


( 
{ 


—— 


on 


-- 


~— 


—— 


~— 


_—— 


—— 


on 


—— 


Su 


$1 


u/s 


win SPEEDS 


103 APw 76) 


AQSCH 





ro 


me 


~~ e 


es 


= 


meas 


“me eee 


PaGEs 


DELTA T #2 (TEMP @60M © TEMP @10M) 


STABILITY CLASS REPORT 
STABILITY DETERMINED FROM 


eenetanaaneananeneenend 


CB OIL SHALE PROJECT, COLORADO 


FINAL UATA 
Aas OF G8/AUG/78 


23 
1978 


SITE 
HAV, 


eaeenneneenereraaannes 


AEROVIRONMENT INC, 


HOURLY WIND SPEED ANO OIRECTION FOR 


STABILITY CLASS 5& 


CLUCA FUUK 


(LOCAL STALOARU Times) 


1) 11 1e2 13 14 15 16 i? 16 19 2u et 22 23 


ug 


oo se 02 oS Ue 05 6 OF Jb 


vay 


i 


Ce eee De ae ee hae ee ee) 


— wo 


II B-1248 


—— 


—=— 


— 


eo Sm 


10 ¢ 


te 


mee os 


ed 


— oe 


( 


lo 
aascr 


M/S 


WIND SPEED! 


(05 APH 76) 


\) 





eeasnas = 
. . 
* . 
. e c 
« o * 
e s ~ * 
« <n * 
. -o . a” To oe 
. ao * nn - 
* o< id 
e ~ e et ee et et ee et et et Ne et ee Lt et tt et 
* ao . 
« «co s ~ Ce Nc than then Dam ican fame Ban than Beane Dean can ae Ree Ban Pc Dee Bie cee Be ee ce De ee ee etl 
wo * z e ~ 
« “ak « 
« uo a iid 
e * 
- . ” * - Ce ee the De ee a eee Ee ee ee ee De De Dee cee Re ce ee aed 
w il < AJ wu 
a esxevaese 
' oO SS ee 
- - Nu 
OO ae 
c Ce ee an Dan tanta tan canes Dandie Ban Bae Ben Ban Been Ban tan Ean Re Been Datei ee eee ete 
- 
= Stitt tie nn ee ee ee ee 
. < 
« e © Ce Dee hen ae Date Reet Eee ae Be Bee Bae Re Be Ren Bae Ree Re Be ee ee ee ee 
o ~ 
= es 
o 
- . ~ ee ee re NS Oe Oe ee 
. - 
- 
o eT ee ee 
wi 
”? id <2 Ce ten cee Been tan an Bn Den Dice Dien Ace ce Mice cee Mice Re ce ce Die ce A ee ee ee ee ce ee 
o o - 
= = ee ee 
wd - w Ce eet Nee Dice Dice Deca Dee Dee Dec Deen Be Bee Bee Pee Dh Be Dee eee ee i eee Be ee ee ed 
a] 2 - 
< w x ” 
x = > ” ee 
» m © z w w r 
~ ~ o a 2 ——3- SO ORS SS OSS ee ee 
a >: z = - 
-~ - ~_ ° - 
o > ~ ee ee ee 
Ww . oO - co 
a @ - Dad « u a Ld) Ce Ne ee De ee Bee Bee Be Bee Be ee ae Boe ee ee Boe ee ee ee ee ee 
i} ~ <« wl wWwo<a - 
vo ” z < « o 
~ 2 Se ee ee 
. oom<« 
e x ar wu Ce Mee Be Nee Bae Bhan Bee Eee ee Be Be Bae een a Ran an Dan ae eee an ae Pee a ee ee ee eed 
: o<n - 
: za 
<u0u Oe ee ee ee ee ee 
cas - 
' o,rvu - FM eee Mee ce Men cen Neen Mean Deen Pee Meee Mn Pees eee ee Mier Bean Deen Neen Been Meee Pen Den ee en eee ee ee 
A wreo - 
= Wwe 
. auw~ Ol 
n~ 
z= °o Ce ee ee ee ce ee ee ee i el 
o< - 
2e=z 
eo> i ee ee 
= i=] : 
x Cc a Del ee Ae Rec cee Ec ee Be oe Be ee ee ae Reo Bae eae ean ee he Pee ae a eed 
Cal o 
=) = 
m= o Se tee ee ee ee ee 
: 2 o 
o a J Cc Nh cee De ee A Nc ee De Bc ce ce Ec cee Dr ce ee ee ee ee ee ee el 
C =z oo o 
ee ee et ee ee ete et et et te ee eee eet et et 
val 
=z ~ Ce Ee Dee ce ce Dee Ree eee Dee ce Ree the Dee Men Me Dee Bec Me ace De Ds ee ie De De De ee ee 
o o 
- 
cy Siete ee ee ee 
= ® Ce Ni Ne i Eee Re A en ee ee ee ee De Be ee ee ee ee ee ee eee el 
. co 
w 
xrIe Oe ee ee 
o 
ae w CD Mie De Rc Dc Dc Dace ce Rc Dc ce De De ce Dc ce ic ce i Ee 
zs -u ° 
4 = 
oao Oe ee 
. auwwo 
. wz s Ce ie he eee ee hee ee ee eee oe ee | 
a cn“ o 
za 
ork 5 Cte ee ee ee ee 
owwuw 
<P. m Se ee Ee 
aw~ o 
vo 
- ~ Sette ee ee 
>>? 
eb ~u Ce ee Ree ee ee Re ee ee ee ee ee ee 
oe o 
aw 
or a Sitti te tet Ee 
one { 

. a<ctuy -~ Se ee 
-ew E o : 
nono 

. ee ee me ee et ee mt ee ee et te et et et et et et tet et et et 
S SS ee oe oe 
ee ee ee eee te ee 
> ~-~ oo ¢ coco wu Mm s Al oO ~ o ce o-=- 
a = - - - AN ~ ~ ~ nn ~ ~ ~ ~ ~ ” ” 
“ 
~ - ~ r - - - - - ~ ~ ~ - 


II B-1249 


- 


WIN SPEEOS K/9 


(0S APH 73) 


AQBCH 


tyrus ®NG 


q 


ww 


® 
@ 
2 
2 


Soneneewnnanancagzanee 
23 


22 


\ 
6 
FINAL DATA 
A3 OF 08/AUG/70 


e! 


1 
Qkeecestnanganacenrenad 


PAGE? 
@ 
® 
& 
* 


19 


ed 


16 


17 


16 


soe = _ 


23 
1976 
ia 


i 
’ 
CoH OFL SHALE PROJECT», COLORACO ; 
13 


SITE 
MAY, 
AEROVIRONMENT INC, 
{LOCAL STANDARD TIMES) 
11012 


STABILITY CLASS C 
10 


HOURLY WIND SPEEDO AND OIRECTION FOR 
09 


CLOCK HOUR 


05 06 07 08 


0a 


(TEMP 260M © TEMP @10M) 


OETERMINED FROM 
03 


02 


( 

t 
STABILITY CLASS REPORT 
0! 


STABILITY 
OELTA T #2 


et et et ee eee ee eet es ses et st 


00 


ot ee ee et ee et ee ee et ees ee es 


- we Mm 


OAY 


II B-1250 


w 3s 


~ 


oe ee ee et ee ee ee ee et et es es ee et es ee 


Ce De eee Ee ee Eo oe oe Be ee he ee oe 


8 ee Gee Oe Ged te Ot ee ee et es es ee es es es et 


Ce De oe ee ee oe ee oe ee ee ee ee ed) 


eet ed eet et ee et ee ee ee es et 


Ce ee Ne Dee Deedee De De Doe he Bee ee oe ee oe oe oe) 


oes es et ee ee ee es eee ee es ee 


CE Ne De De ee ee ee he te he ee ee oe ee oe ae) 


oo es ed et ee et et ee et ee es es es es 


Ce ee Ne ee ee Ree ee he De eh oe ee ee ae ee ed 


ee ee ee et ee ee es ee es ee es es 


Ce i ee Mee ee he Bae ee Be ee oe ee ee ee eel) 


et ee et et et ee eet ee es et es 


Ce Re De De De Ee Ree ee oe ae ee ee ed 


et ee eee ee et ee ee et es es 


Ce ee ee eee Dee Re De he ae ee de ee 


ee ee et et ses ee es es et es es es es es 


Fe en thee Been Meee Neon Neen Nan Mean Ran een Men Banden hen Ban Ran 


tt ee ee ee ee ee ee ee ee et ee 


Ce Re Ne ee De Ee De ee ee he oe ee ae oe ee ae Re) 


ee se es ee ee 


CN De Bee Ee Ne De oe he ee oe eee ee ee ed 


et ee es ee ee es ee ee et es es es ee 


Ce Ne eee he ee etl ell oe Ee oe ee Dae ae ee eee ee ae ed 


Oe ee ee ee 


Ce ee ed ae ee ee a ae ee ee oe en ee oe ee) 


Oa a ee ee ee 


Cel ee eel eta Dee he Ee eee ee ee ee ee ed 


et ee ee wet es ee ee ee ee et eet 


Ce De Ne Ne Ee Bee Bee ee Ee oe oe ee ae oe oe oe ae) 


et ed ee es et ee ee et ee es es 


Cn De Bee Dee Dee Bee ee De ee ee ee ee he ae ee) 


oo ee ee ee et et ee ee ee es es we es es 


le Ee ee Ree ee Bae Ne ee ee Dee Eee en eh oe ee ee) 


et et es et ee et et ee et ee se et ee es es 


CM ee Nee Be eae eae ee Neen Bee ee ee ae ee oe ae Dan) 


tt et et ee ee eee ws ee ee ee ee es es es 


Ce ee Ae De Re Be Bee Na ee Bee Dh oe ee ee ee ee ee oe ae) 


Ce Tee Meee Ee Eee Eee dh oe Dae De Dae Be ee Roe Bee he oe an) 


o ¢ 


CI Eee De Ee Ae ee Ee Dee Dae De De De ee ce De ee ee he Be he Be ee ee ee ee ed 


et ee et et es ete ee es es ee ee ee es es et we es es we os Oe ee i 


Ce Dh ee De Ee ee ee ee ee De he ee eee oe ae he oe oe oe ee ee ed 


Pet et ee et ee ee et ee et et ete ee ee ee ees es et ee se es 


Ce De ee ee ee eee ee ee Ee ee ee eed oe ee ee ee ee ee Ree ae ee oe eed a ee ed 


OE ee ee ee ee es se) 


Ce Ne Be DD ee eee Be ee oe ee eee ee eee ee ee ee ee ee ee ee eed 


2 et ee ee ee es ee es ee ee 


Ca De ee Bee Ee ee ee ee ee ead 


— ee ee ee et es et es ee et et 


ee nome oe ee ot 


ee es ee) 


Ce Ee Re Ee De oe Dee ee ee eed 


ee et ee ee ee es ee ee et ee 


ee ee ee es et et ee es es et 


oho ee 


ee ee et et ete et et 


Ce Re Ee Bee Ne ee Ne ee ee ee ee el 


ot et ee et ee ee ee ee ee ee 


Cc ee ee De De Ne Bee eee ee ee ee eed 


eee ee ees ee ee es et ee 


YK SS SS SSeS Oe 


Ts 


ee ee ee es 


Ce ee Bh hee A ee Be el a ee ee ed 


ee ee es 


Pee Mea tan Hen Men Mom fan fae tan han Tee ten ted 


- = Se SSS Oe 


et ee ee ee ee ee et 


ce ee Ne Me Be Bee eee Ree ee ee eed 


eet ee es ee we et et ee 


Fc A Ne Ne ee Ree ee Nee Be ee ed 


et eee ee eS ee 


ee ee eee ee et et ee es et 


ee et et es ee es ee et et 


en ee es) 


Ce Be Ne Be ee Nee ee ee ee ee tee teed 


ee et ee ed ee ee ee ee et 
-~ ~u nm g w o 
- -_ o- -_- -_ -_ 


__ 4065 


WIND SPEEDS M/S 


(05 APR 78) 


AQSCR 


7 
eenarencenseananesnene 


PAGES 


CeB OIL SHALE PROJECT, COLORADO 


DELTA T #2 (TEMP @60m © TEMP @10M) 


STABILITY CLASS REPORT 
STABILITY OETERMINED FROM 


eseeee 
. - . 
« 
*« 
o * . 
~ « 
<~ . 
-o . m Ce ee ee eee 
az . ~ . 
oz « 
~ e ieee 
oa @D . 
ao e ~ ee ee ee eed 
z . ~ 
ue « ; 
uo e ee ee ee ee te et tt ee et me tt te et tt 
. 
” « - Se OT On me ee 
< . wu . 
2 te ee et ee ee te ee ee et tt tt et ee 
eseead 
co Fe I Be De ere De Be Dh ce Be Ee ee ee ee ee ee ee ee ee ee 
~ 
ee 
ce Fee ee Be ee Bet Bee Bee ee Bee ae Dae Bee ee Bae ee Bee hae ae ee ee eee Dee ct ee 
- 
ed ed ee 
so cee cen cen Dhaee Mee Beas Meme Meme Became Bere Die Acne Me Bee Mice cee Bree Dice eee ee ee ee ee ee eed 
-_ 
Oe ee 
~ en Nan dan ean lien Bean tan Damalicen Mean Ben Race Benn Dean Bice tcen, Mice Meee Date Reet ee Dee Pee a ee eee 
“ - 
ee ee 
° . ee Neen Mee Dee en Deen Rae Bee Bean Data Ben Dan Pen Dean a Din ie Bae eee ee eee ee ee ee eel 
u - 
z 
~ ee ee 
- w Fe Maen mn Diem Neca tintin Meee cern Mice ere Paces Meee Dice Mice Rec Bice Me Bee De ee ce Ne Dee ie ee al 
z - 
w =z 7- 
=I o ” ee ee ee 
m a z - w ° 
~w ~ Cc z s Men inthe Became Ben Mice Decne Mien Dice Min Mice Mice en Mice ce cee ce Me Re ee Re ee Be ee ie i 
al 4 z ~ - 
-_= ~ oa - 
> ~ Oe de ee 
w -» oO - o 
- > « uo t+ 4 La] Clan ten mn em te tae Dee Ee Eee ee De Ee cee eee Ra ae Bee ee ee Be en ae ee ee 
~ =< w wooed -_ 
n =z <a i 4 o 
~~ 2 ee 
on< 
nr ~ Cee ee an Ramee Rae Dee Ree ee an Peete eee Be ee Ban Ban Bean ean Been Bee en an eee ee ee ee eed 
o<«on ”- 
za 
«uy et ee ee ee ee ee ee et ee ee tt et 
< 
o;-u ~ Ce De Rc De Dc De ae De cee Re De ee ee ee ee ee Re ee Be ee Be ae ee ee 
weo -~ 
we 
au~ OE ee 
nn 
a o Clee Mme tenn Men cen tea Men team Dame Teen an Men Mean Ream Mean Bean Mee Mee Meee Neen Reon Been Ree ae ee ee ee Ded 
o<« 7”- . 
2rec= 
=> et te et et et et et et et et et et et et et eh et et et et et et et ee 
= Oo 
x c Ca cl a ee ee DD ee De ee ee ee ee eee ce Ree Dee eee Be Ree ee ee oe ee ee 
> o . 
a =< 
i vo ee ee ee ee 
2 o 
o a a Ct ee ee eee ee he ee ee Ree De ae eee Re ee Bae eae Ree ee Ree ho ae ee ee ae ee 
z uw o 
Oe ee ee ee 
~ SS ee ee re ee ee ee ee 
° 
A ee 
© Ce Me Dee i Been Dc Dc Dc eee A ee Dc ce eee ee ee Bee Bie ce eee Bee ee ee ee eed 
o 
etter n  ee 
w Cl lie ce Rt Dee Ee De ee cee Ree Dee De Dee a cee De Be Ree ae Bee ee Be Bee ee ee ae el 
o 
Stitt ee ee ee 
s Le ee EO 
o 
Ct ee en ee ee ee 
. - 
m LE ee Ee 
o 
Oe ee 
N Se EO 
S ° 
Sit ee ee ee 
- en eee 
o 
Sliced titi t te ee 
o SS ee DD ee en ee ee ee ee ee 
o 
tite iii Re 
> ~ o al o - Nu ” s w 2 ~ o Cc 7 —_ 
= te ee eo ee ee ee ee ee a ea ew 
. 


) 
' 
) 
) 
' 


II B-1251 


WIND SPECOU M/S 


(05 APR 76) 


AUSCK 


Q@bEE SS WN 


¢ 


~ * 


_ 


“. 


e 
a 
2 
2 


seanetneeravansraneccad 


Ce Re hea te ee eed eee aed oe ee ee ee) --—- = 


23 


7-—-— 29m 


FINAL DATA 
ee 


-- =e 


) 


AS OF 06/ALG/78 


4 


ei 


oe oe 


Beeeeeaenaceanaasonrce 
( 


--—-= 


18 19 


. 
‘ 


COLGRADO 
15 16 17 


23 
MAY, 19786 
14 


C-8 OIL SHALE PROJECT, 
13 


SITE 
AEROVIRONMENT INC. 
11 1e 


(LOCAL STANDARD TIMES) 


STABILITY CLASS O 
10 


HOURLY WIND SPEEO ANO OIRECTION FOR 
CLOCK HOUR 
09 


06 07 08 


05 


0a 


i 


STABILITY CLASS REPORT 
03 


G2 


DELTA T #2 (TEMP &@60M © TEMP 910M) 
01 


STABILITY OETERMINED FROM 


00 


t 
( 


DAY 
i 
10 
ii 


II B-1252 


—— 





WIND SPEED3 M/S 


105 APR 78) 


AQSCR 


9 
aarenrenraneenareennee 


PAGES 


C-B OIL SHALE PROJECT, COLORADO 


“\ 


DELTA T #2 (TEMP @60M = TEMP 010M) 


STABILITY CLASS REPORT 
STABILITY OETERMINEO FROM 


eeeene . 
ad ‘ 
s ’ 
« 
© « 
~ * 
«sn * 
-o * bad] Se on oe 
<z7> «# ~ . 
o<« * 
~ « ee tt ee et et et et et at ee tet et et et et et et et 
a® « 
«ao sd ~v Ce Mee Meee Bee Nan Dan Ban Bae Bean Bean dean Bean tens Ban Renn Dn Bian Denn ta Bee Bete Bate ee elie eit 
z * wu 
Lod * . 
uo e ee ee ee et ee ee et et ee ee el ee ht ee te tt et 
< ~ 
” e -_ Rm A Rn RR em an RR Re RR ee RK RH eR AA 
< . ~ . 
2 . . 
e ee ee ee ee ee ee tr et tt 
ee eee 
o Se 
~w 
ee et et et et et et et ee et et et et et tt ee et tt 
ce LS OO OO OS OR 
-_ 
ee 
J SS 
- 
: Oe he et et ee ee et et te ed et tt et et eh ee te 
~ SN Oe em 
= - 
ee de ee 
° o Fe an anthem Tan tan fan Ren than tan tanh than Been Pecan ten tien een Den Ba eee Dee Been ee Be te ee ee ee 
uo ond 
2 
~ Ne ee ed ee ee ee 
- w Sean Mean than Dean tenn Diem Mn Mere Mn Men Dam Dam Men Men Mice ec cre Mice Bice Bice Bic De Die Be te ee ee ed 
2 - 
w a - 
=x 2 n ee ee ee ee 
”" © z vs w 
~ ~ oO =z 2 dan tandem Been tan fae Dean Tan teen Dan tan teen een Benet Eee Die hee Doe Be ce ee eee ee 
ce x z ~ ”- 
”- ~ oO toe 
> ~~ Te ee) 
w >. oO - co 
- > i> 4 Vv « nm Ce te ee ethan Ban an Dan ae tan te han Dae Dt ee ieee Re Ee Dee ee De ee ee ee ee 
-_- < w wo<« - 
” =z < 4 o 
~ z ee ee 
on<«. 
ne wu Cee Be Eh Noe ae ele Bee oe Be Be cae a Ba an ee ae eee ee eee ee ee ee eee 
o<«o9 - 
za 
<uU eee ee ee ee ee ee et ee ee ee et ee te eet et et et et 
< 
o>;Uu - CMe ae Ee Bae Ee ie Bean Dee Ran Tam han Dhan Ban teen anda en an ae ae Renee ee i ee ee 
wreo - 
wew 
au~ ee tee eh ee ee ee ee ee ee et te ee et et te tt 
nn 
o o Ce De Ee Ee Ee Eee De Ee Dee et ee ee ee ee ee ee ee ee ee ee ed 
o< - - 
zee 
oD Te ee 
z So 
=x oe Ce Beth Ree Ree oe Been Bee ee ee ee Dee he Be eee ae ee ee ae ee ee ee ee ee ee ee ee 
bad o 
a = 
ry we ee ee ew ee we we eee 
2 o 
°o a = Ce Dh le cee Bc ce cee Dice Dee Eo eee Be Bee ce cee oe ee ee oe Re eee Be ee ee ee ea ee 
=z o o 
ee 
~ CD ce ce Ni ce Dic ee ce Be De ce ce ce Dc i ee ee ee ee i ee ed 
o 
ed ee 
o Ce De Dee Be eee eee ee ee De Deen Ree eee ee Deen Ee cee ce eee cee Ree ee Be ee Reon Ren ee eee ee eed 
o 
ee et et et ee et et et et ee et et th te el tt et et et et eh 
nw Ca De De De Be ce ee Dh eee De Re ee ee ee ee ee oe eee eee ee Bae ee ee Be ee eee 
°o 
ee ee et et ee et ee et et ee ee ee ee eet et tet ee tt 
s Ce A Acer De Ae Dc Bee De Deen cee ce ce cen ee cee i De ce ee ee ce ee ee Re Be ee ee 
o 
ee 
Lt] Ce De Nee ee Dee Bc Dee Be Be cen Dee cee ce Bie ee cee ce hae cee ce ee ee ce Re Re ee ee ed 
°o 
Oe ee 
wv Le SS SS 
o 
ee ee eee 
- CR 6 OW Ow ON ow rn ww en oe rr os ep oe we ee as es ee sees 
co 
OE ee 
o Cc ce ee ce A ce cee ee De De ce ee i ee ee ce i ee ee 
. o 
eee ee ee ee 
~ ~ . ce °o -_ wo Mm s w 2 ~ o al oO - 
o - - - vv oN ~ ~ ~ ~ nn ~u ~ ~ ” “ 
cr r _ - - - = “~ «~ - - 


TIT B-1253 


aind SPEEOS B75 


(uS APH 76) 


4uscr 








«nee wwe 


aw ee 


~ 
on = 
c=) 
“ 
@e 
a 
= 
w 
ze 
o 
a «xe 
-uw 
t-4 =z 
ooo 
aw s 
w2zt 
i: ee) 
~ £a 
ordi 
Mw ui 
<rere 
aww 
eo 
~ 
>> 2 
--— 
oe 
-— J 
Tor | 
opvde 
a<dau 
ew 
nna 


es 

a 

3 

2 

@ 

e 

se 

e 

e 

a 

. s 

2B 

e 

So e 

oo J 

a 

e 

“oe” e 

ws a 
= --@- 

« s 

2 


t 


Ce8 OLL SHALE PROJECT, CowoRADO | 


e 
@ 
® 
@ 


-"- - Aee 


FINAL OATA 
AS OF 08/AUG/76 
2e 


ai 


Aatakacaraneenaaaaneee 





16 19)=— 20 


J 
{7 


23 
AEROVIRONMENT INC 
15 16 


1978 
14 


SITE 
MAY, 
13 


te 


(LOCAL STANDARD TIMES) 
11 


STABILITY CLASS E 
10 


HOURLY WINO SPEED ANO OIRECTION FOR 
CLOCK HOUN 
09 


08 


06 OF 


05 


03 0a 


02 


Ce 
( 


Oay 
1 
11 


io 


-——« 


-—— 


om 


16 ( 


TANS 





M/S 


WIND SPEED? 


(0S APR 76) 


aQSCR 


eeeenee 
« e 
se « 
* ¢ 
* 2 * 
. ~ * 
« <«n~ « 
. -o @. 
* <«vJo . 
* o< * 
« ~ « 
* ao@® . 
. «ao . 
_ * z « 
_ * ~u « 
. uo s 
* . 
- . ” s 
w « < e 
© Sd « 
<« * . 
a eaeeaeeess 
iJ 
o 
< 
« 
oe 
= 
o 
vo 
» . 
i 
ov 
wd 
> ° 
o vu 
i. 4 2 
a ~- 
w - 
4 a) z 
< w =z = 
x z °o ” 
n Lal o z u ml 
uv o = 
- Cc x z ~~ 
~ -_- Oo - 
oO > oe De 
w . o - o 
oa - > ce =) 4 
e co < w wWww<« 
uo » z =< « o 
~ 2 
one€ 
nm - 
») o<«n 
. za 
<auw 
< 
o>;>u 
wero 
wey 
au~ 
Dm 
=> 
o< 
zez 
“> 
4 o 
=x 
> 
_ =x 
« Vv 
2 o 
o = 
=x uo 


OELTA f #2 (TEMP @60M © TEMP 010M) 


STABILITY CLASS REPORT 
STABILITY OETERMINED FROM 


00 v1 02 03 04 0s 06 07 06 09 10 11 12 13 14 15 16 17 16 19 20 21 22 23 


OaY 


ee ee ee ee ee 


eee 


Ce i Dh ce Ee ee ee ae ee ee ee aed 


ee ee 


FPS eS 
es se 
Cima dtedtietae ttl ete Ee Ee Ree oe Ee ee 
ee ee et et et ee et et et et eee 
Ce eee ie Ree eae ee eel ee ee el 
Os ss 
Ct tee A ee ee ee et ee ee el eed 


ee ss se 


Fe ee hee ee ee ee ee eee ee ee ee el 


Oe 


Cee ee eee ee ee eee eel 
ae ee et ee ee ee ee ee ee ee et et et ee et et 
Oo 
eee ee ee ee ee ee ee ee et et ee et 
CE ee Rt ee ee ee ee ee ee el 
ete et ee et ee ee ee ee ee et ee 
Ce ee ee ee ee ee ee el 


Oe ee se ee 


Co ae ee Dn eee eee ieee ee Bee De a ae ee ee oe al 


ee se 
- 
De ee ee ee eee ee ee ee eel 


ee ee ete et ee ee et es ee es 


Cee Ni Et ee Ee ee Be Ee he ee ee el 


ree et et et et et et et te ee ee 
CI Ee De et ed ee ee ee ee ee 
ee ee ee et ee et et et et et ee 
CN el ee ee De ee Ee Eee Ee ee ee ee eed 
ee ee et et ee et et eet et et et 
er oe on 
et ee ee et ee et ee et et et ee et 
Cc Ei ce Be ce Ee Ee ee De Be ee ee ee ee) 


ee er ee et et ee ee ee et et et ee et 


Ce Eee te ee ee ed 


re et et et ee et et ee ee ee ee 


Oe me om 


Oe ee 


ee ee me me me ee me 


et et et et ee ee ee et et et ee et et 


ee ee me ee me ee oe 


0 te ee ee es ee we ee ee 


-3- See Re ee 


- 


—_—— 


— oe 


-—<— =< = 


— oe oe 


~~ oe ee ee 
w o ~ 
~ ~w ~~ 
~ ~ 


-—-—S ee Oe 


ome 


—— eo 


—— oe oe 


~~ owe 


~~ ea 


i ed 


— em 


—<— =e oe 


-—-—— = 


ee eel 


— orm 


@3NO SPEEOS B/S 


(05 APR 70) 


aQucr 


‘ 
? 





-_— 


ee me 


ws 
oe. io 

<« 

a 
eo av ts >: oe brs 
ma eee 


— ee 


i tcntan tiie - 
rr 
remo =— = 
a -~ 


wee ee 
a od 

cay e+ ane 
we ee et ee 


ee 


mat es re ee he ee 
~~ = ee ee - 
— ms be =e 
= 
° 
ew ee ae z 
eu 
man = + 4 
oo 
aw 
we ae wz 
au 
~ es ao ES 
oz 
aw 
“Se / =e 
Jw 
ee ee Qo 
>> 
me tae tefl dew - 
on 
— ~~ Sd 
oo 
ow 
ts tee es ts es re a 
-—- 
mvee ” “On 
=< = = 
neon 





‘ 


} 


CG OIL SHALE PROJECT, COLORADO 


lok 


? 


1 


eedanacdadececenaaroet 


DELTA 1:92, (FEMP @60M = TEMP @10M) 


_ 


t 


) 


‘ 


A 


eeae 
2 
2 
@e e 
~ 
<_ . 
-o e 
<«o * 
o< 2 
= 2 
JID 8. 
ao e 
z * 
"nu 2 
“Oo # 
= ee 
-w~ oe 
<« « 
watlios <= 
* 
r 





e 
o 

4 

i) 

: = 

z 

ay ww 
= 

ma © 2 
ta es” Oo 
Ld e 

= — ct? 
> 

w e« Oo 
- - 
= << ow 
no = <« 
r - 


i 


ae -“ 
o ” 
. w 
z 
z ~~ 
o - 
i) 
- Q 
vo xz 
wud 
a °o 
~ z 
on< 
nr 
o<«n 
za 
au 
< 
orvu 
Wr oO 
wey 
aw~ 
nm 
@ 
o< 
zee 
La Led 
= o 
x 
baad 
aA x 
.& tS] 
> 9 
o | 
=x uo 


” 
“¢ 


Ld) =m me 
Le . 

— we ee ee 
~ --—-= 
~ 

= ee ee oe 
- --— == 
Lit) 

— oe oe oe 
~ 

ow eww 
Ce - ee 
oF 

eee oe ow 
eo ome 
= 

oo et oe oe 
~ Ce een ae! 
- 

= ee oe ee 
2 ee 
- 

= ws we 
nn --—-— = 
- 

= we we oe 
z Cente end 
- 

—s ot ee ee 
m -- ee 
= 

a 
~" en Nee en) 
- 

ee ee 
- Can tien iand 
-_ 

we ee 
o -—-_-——-— = 
-_ 

—) ee ee 
o ee ee en 
iJ 

— ee ee 
a Ce en) 
°o 

we ee we 
Y —- = 
o 

— 
o Cn en Rand 
Ss 

Oe 
w aM 
So 

— eww 
s ee Ne Nan! 
°o 

er 
am e-em 
J 

— ee oe 
~ Ce en en ian) 
o 

os we we 
- -- =e 
So 

oe ee ee oe 
oO Cn Nee nd 
o 





II B-1256 


on 


— 


— 


Cen) 


om 


( 


— oe ee ee 


6 
9 
10 


il 


( 
C 


12 
13 


-— 


-_ 


—— 


— 


-— 


—— 


— 


— 


-— 


-_ 


—— 


—— 


—as 


— 


—o- 


WINO SPEEO8 M/S 


(05 APR 76) 


AGSCR 


{ 


eeese#e# 
‘ * 
« 
. 
s « o 
Sd ~ 
« <~ 
« -o 
« xo 
e o< 
* ~ 
* ogo® 
. «ao 
” s z 
- s ~~ 
5 * uo 
. 
- « ” 
w « < 
So . 
< 2 
a eased 
o 
o 
=< 
. = 
°o 
a 
i=] 
uo 
F . 
= - 
vo 
= ind 
> 
°o 
4 
a 
w 
_ 
4 
x 
n m o 
~w ~ 
oe 
~~ - 
tJ 
w . 
o - > 
6 Lond < 
5 o © = 


DELTA T #2 (TEMP @60M © TEMP @10M) 


STABILITY CLASS REPORT 
STABILITY DETERMINED FROM 


AEROVIRONMENT INC, 


> 


i. 4 Coad 
Oo Vr) 
Ss w 
z 
z 4 
° - 
- 
- o 
vo =x 
wuae 
a co 
~ 2 
on<« 
nr 
o<«n 
za 
<zuw4g 
< 
oru 
wre Oo 
we 
au 
ne 
o 
o<« 
zea 
“n> 
= °o 
=x 
> 
- = 
« vo 
2 o 
o ~ 
_ v 


00 01 02 03 0a 05 V6 07 06 09 10 it 12 13 14 15 16 i7 18 19 20 21 22 23 


Oay 


—- ee 
--- ee 
- Pee 


-—- See 


Ce ee ee ee) 


ee ee ee 


--— Sma 


— et et ee ee 


_— os oe ee 


— ee ee ee 


— ee ee 


-——_— eo 


— ae ee oe oe 


— oe ee ee 


“Oe 


~ 
~ 
-~ 


--— 


-—-— 


—— 


u-- 


—— 


o-- 
-—-—-— 


-—— 


—— oe 


—— oe 


_— 


—— oe 


—— oe 


“A 


—— 


-— 


~ 


~ 
o 
~ 


II B-1257 


Ce ee] 


— 


~— ow 


—— 


--— 


aa 


—— ow 


a 


—— ow 


— he oe 


-—- 


-- 


— oe 


om m 


—— ow 


-—_— 


“~-ee 


-- Ae 


vec 


—— ee oe 


-—-— 


— oe ee 


-——_— 


<eaenreer 


) 


ev\Le. 


( 


26 


—— a oe oe 


——o 


_— et ee 


-—-— Oe 


-—— oe 


-— 


—— ee 


wind SPEEDS ays 


(03 APH 7a) 


= 





») 


930 | og2 
93d oot 
930 .: She 
930 ., Oot 
93d :; (wt) 

ae wot 


GLINM: ; NOTLIZNIG ONIM 


We 


oe Oty 


34 


SSSESPSESSSSESEHOCESTESES 


i) 5 
Cc easonyete sO sv se 
) vavd Iwnt3 * 
® a 


‘ 129V¢ 


“Rs. 
i 
ra 


S/W 
S/w 
S/H 
§/4 
S/u- 


SAINN G33dS -ONIM 
‘ 


AL“ 


2\+ 


00vzu0109 


£ geew /WON 
2 sen /WIN 
(wi) “een /W9ON 
) £99nW /WON 
ob geen /w9Nn 
wot 


SA INN 


“INI LNSWNOUTAOYRY 
@L6T “AWW 

02 31TS 

*433f0ed Z1yHs WO bed 


£*ot 
6°6s 
L°se 
L°ve 
e°ss 


ANIA 


00 
00 
00 
00 
00 


Emerg kai 
(938) unOH 


£ Ss “ 
Le b. f 
og £ 
st 2 
he t 4H b2 
CSAV °UH #2) SBLVINITLEVd 
AVO WNVS JBwWId 3JAV AN3SNOdwWO5 


JOVEZAY INTOEAS ANZONIGIONE WHHIKTH IATA 


”~ 


II B-1258 


' «a 
H wee er eee ene bent anae #AQI0) .YIALAN jhe aia A 
Ve ty : svr7e 
ANY a0 ea at 
; 4 . ; et 
| ** ene , 
| 
' . 
; 93¢ 002 o/6 9 sen /W9N 
930 oat S/H, t feen /WON 
930 Ss2 6/W t {een sWIN 
934). , ott en TA | Aguas feen /w9n 
930 Qn2 S/n 0 geen /Ww9Nn 
_ 930 sue S/W t) sew /WON 
930 Sie S/w £ geen /WIN 
aay 93d pone 8/0 S fee4 /WON 
9930 sat S/H @ geen /WON 
3930 ste S/W £ geey /wONn 
,9930 os2 S/W £ evn /WOHW 
9394 092 S/W £ feen /nAIW 
930 Oot S/W £ Geen, /WOW 
930 sit §/w ? feen /WOd 
930 Ont $/W 9 sen /WIW 
’ 930 Ong S/W ) geen /WOW 
930 0 S/u S feen /WOW 
930 ose $/H . geen /WIW 
930 0 S/W 6 Leen SAIN 
930 oo S/W t feen /WOW 
‘ 
wot wot 


SLINNQ NOILI38IOQ ONIM SLINQ O33dS GNIM SLINN 


*3NI LNAaWNOUTAONRY 


SSHSSSESSESEFSESSESEEEESS 


s ° OL60 “AWW 

. guasonvsot so sv & 

® vivo TwNI4 . {2 3118 

. s 

SCORER EEESEEEE TEETER SESS OdvHO1ND 41939f0dd JBIWHS IIO dod 
t $39Vd 


6, 


196 

soot 
2608 
oLltt 
ecct 


o°et 
o°et 
2°22 
o*°ee2 
L°ee 


ecnvoao OIMaw 
Pe et wt et wt ot ot ot oe 


INIA 


90 
90 
90 
90 
90 


00 
00 
00 
00 
00 


20 
90 
ot 
ot 
et 
te 
02 
ot 
£2 
80 


187 


(936) und 


tywA AVI * HOCIMAGME MUM (Mae 


(el dv 22) wSlOV 


91 S : 
1 . 
t2 £ rs a3 ere 
92 2 
G2 1 aH £0 ; 

(0K 4O4d O31939NH09) SNOGUYIONGAH 
et 5 1; ay (a 
et C 
o£ £ 
o2 2 
42 J uH ve 

(OAV °UH b2) SZLVINIILave 

Te Ss 
Le D 
02 £ 
6t 2 
o€ t YH @0 
o£ S 
o£ f 
6t £ 
og 2 
42 t uH 10 


ZQIXONOW NOGUVS 


AVG YWNVH 3WIA JAY 


JOVUIAV ONIGIVG LNIONIGZONE WOWIXVW BATS 


AN3NOdnWOD 


9766 


II B-1259 





. (94 udv¥ 22) vstIov 


930 iF ¥-4 S/W 9 ¥en /WIN Oet et tt Ss S 
‘930 sna S/W L f¥ew /HON Oat Ot 1b S 
930 see S/w 9 C¥en /w9N Set St it £ CN 
930 ste S/W 9 f9*W /WON Get tt tt 2 ci 
_ 930 Ske S/W 6 gsew /WON OFt ot tt t 4H 40 : ! 
; 3N0Z0 co f 
930 Sut S/W £ Geen /WON O 00 Ss Ss — 
930 S92 S/W £ feew /WIN O 00 7) p i : 
930 022 ' §/W 2 g¥enw /WON O 00 £ £ 
930 sl2 S/W 2 Csenw /WON O 00 2 2 
930 oLt S/W 2 L¥en /WIN O 00 t 1 YUH be 
930 S92 S/W £ £eew /WON 0 et t S 
930 stl S/W t €ven /W9ON O 60 t ? 
$30 oLt S/a tT £¥en /WON O 90 Com £ ‘ 
930 Ste S/W t gew /WHON 0 £0 t 2 : 
930 - set S/W 2 sew JAIN O 00 t t aH £0 
30IxXOLG anhsiKs 
wot wot 1s 
SAINN NOTLI3NIQ GNIM SAINN G33dS ONIM SLINN INA (€936)4NOH AVO YWNVHY S3WId ZAV : LN3NOdDWOD 
*ONI AN3WNOUTAOU3V 
SSOSESSIEESSESSEEEESITDS 
° ° — @L63 SAW 
® eavanvsot 40 SY & 
s VAVO VNIGS ® £e 3406 
-] s 
SOSOSSIFSSSISSHSTEDSTS QQve010D °499S0Nd Z21VHS WIC E°3 
o «39d FOVAIAY ONIULIG LNZUNSADIONE WAWIXUW GATS 
{ 
4 


ade 


‘ 64548 


Pause Faneeeete se ewee 
. 
. aXt saAbs 
© WAN pie eet 20.80 : 
. ,4." $8 aa ea 

’ AOL!» 

33 

a7 

D] 

£30 (wt) 

230 ste 

930 Sit 

930 (Ww) 

93a oet 

wot 
SLINM NOITA938TO ONIM 


SPSSSSSSSSESEEESEE EERE 


s s 
s @./9Nvst2 40 Sv 
. vivo IvWNI4 . 
° . 


SPSPESESESESESESEEEEES 


t 139vd 


O.. 4€8OU05 


S/W 
S/W 
S/W 
§/W 
S/a 


SLINN 


00vs0109 


ePDALOKT Bus 


739%R 
(wT) sen /wON 
n geen /WON 
£ £¥eaq /WIN 
(wT) Leen /wON 
i £e*w /WONn 
wot 

033dS GNIM SLINN 


“INI ANAWNOYTAONSY 


eet 
2b 


“AVA 


ais 


*L93f0d8d 31VHS IIO G-3 


. 


BN TVA 


00 £ S 
00 o£ C] 
00 42 £ 
00 et 2 
00 b2 t 
is 
(938)axNOH AVG YNVY 
39vVH3SAv 


IQLT4e FAIDNINIOAT MUMIA 


twa 


uH 02 


SHILA BAY 


Te “bod 


YOR nUatvue 


(OAV SHH 02) SIAVINITLavd 


AN3NOdnOD 


ONIGINVS ANJONSdIONE Win XvW JAT4 


II B-1261 


——) = aang 


‘ Le} 
SS ‘ A reo 
¢ ‘ 
ay 
‘ 
\ 
} 
oi} 
930 002 
930 (WI) 
930 ont 
930 (wI} 
930 (wt) 


wot 


SAINM NOTAIZXIG GNIM SAIN 


SEVPSCHHLSSISESSVSESHSVSE 


9 ® 
. gasonvete 40 SY 8 
® VAVG VWNI4 3 
* ) 


SPSOFHSHOHSSOOTZOEEIO4 


; 8 839Vd 


S/W 
S/n 
S/W 
$7W 


‘S/W 


‘ ¢ £eew /WON 


- (Wi) fsew /wON 

He Even /WON 

— (nt) ie" geen /W9N 
(wi) | f¥en /WON 
wot 


023348 ONIN |  SLINN 
aS ; 

t Gi 

i oat ’ 


*ONT ANSWNOUTAOSaY 


* 


.  BLOt Sdn 
A ! 

: Pn tes 341s 

t _ 5 t 


gavo70a !493r0ud Jwus 120 geo 


g « 


g @ ‘ 


~_ 





2°9! 
b°ot 
e*te 
O°ne 
6°6s 


BNA 


e 


00 
00 
00 
00 
00 


is 


ai (SAW °BH 2) SFJLVINITLavd 


et S € 
l2 v 
st £ a) : 
o£ 2 u 
fe v BH be 
4 aE 
Pt 
af 
(938) aNOH AVG WNVH 3HITA FAV 
f, e 
Pe. 
} é { 
e i 29 
» 4g 
C7 e oS 
edi a 2: 
a f as 
Hat a) 
Ge ‘ Rn 
wit g R 
Pos E Ox 


PURDOTUIAVTONTQIISLANIGNIGIONE WOWEXWW GATS 


288 


a 


WA 


3QAv VA HNP ATION MQvUOYS Tou 


AN3SNOdnHOD 
BATAD “+f @ 
ine “BOY fa 


II B-1262 


i hidas 
Re aeteateerrewenee ee ee eee 
~ ” 
* A : dal’, * 
os ah. WEY 7 ea % 
- ’ 
ORAL OO hn ete et Fee HOE 
Pravu i123 
070 {4 
2410 
a4) Ou 
03) ( 
aiv Ya 


SSSESSESSSSESTEESEESESS 


s s 
. gasonv/ot 40 S¥ 
. vivd IvNI4 . 
s a 


SSESSSSSSSSESESSEESESESESE 


JATS 


1 w t e 
1 e t * 
t s t ’ 
MNAROJOIZ, FIMGKT goove VIO qed ° 
: t PY t . 
t » ac ql? r 
t oot 1 of 
t s SVC 4 yA s 
t ‘ t . 
t TE ggg irontvogia o£ 
1 oe. t o£ 
t ott t o¢ 
t ost t o£ 
t ® 0 of 
erawu fo sae Age oth , we 
gre POI . ° . 
s .s * 
t 02% t o£ 
t Ont t o€ 
howd OSes" * t ‘ Of 
ae kT Serie of 
eat ° t . 
“ 1 Pes dh | s j t s 
* of a t . 
s ’ * s 
t . t s 
» s » s 
s s s . 
t . t . 
t o22 0 os 
t 002 t o£ 
woo2 =) WO wos Wo 
NNzt1620 W's NMBTLS20 W 
eH1s ANI teas XIW 


CALIQIWNH 134 ONY dW3L 40d XS) 


(04 Avw 00) 


29vH3A¥ 4Od VIVO HOMONZ LON GSLVITONI © 


(S39VYZAV WOWINIW %0S 34INO3Y) S3I9VNSAV ATIVG 


*ONI ANAWNOUTAOUSY 

@L6l ‘avw 

02 a11¢ 

OQveO10D °1939f0ed AIWHS TIO HH2 


set £ AY 
GLU VIAN IVAZIVIG) SALE I04V999INVL MUM Kaw 4G’ 
Sp2 ¢ o¢ 
Sat € 62 
go2 £ v2 
09t 2 l2 
Ont £ 92 
sot ] Se 
o6t S n2 
. 0 £2 
o9t £ 22 
ot 9 te 
ost £ 02 
soe £ 6t 
sst 2 et 
o£2 2 MIT aga iv 
so02 S 33 
Oot t] st 
sst ° ot 
09t £ et fOIVea _ wm 25TA 17 
022 ¢ ra 
oce2 ® tt 
Sit o ot 
scl £ 6 
06t 2 } 
Sot 2 r 
oLt 2 g 
$i2 2 S 
$92 £ o 
o£2 £ £ 
Oot 2 2 
oct 2 if 
wot wot 
S/W 
bam TSM Ava 


A40d3m AUYHWNS S39VHRAWV ATLVO 


uywoyv 


US76S 


Ii B-1263 


. 
; ZOVYSAV YOS VIVO HONOND LON SALVITONT © E 





° vl? £29 tsst £eg 0 0 S 0 0 AY 
o°t £08 Soot Loet 6L 0 0 9 0 0 te J 
s ’ . . 6L 0 0 S 0 0 o£ 
® ° » ° = 9 0 0 Ss 0 0 62 
’ . . s SL 0 0 S 0 0 g2 ) 
Le i 4 Lott Ltot £@ 0 0 9 0 0 le 
£° “Le n26 099t s@ 0 0 9 0 0 92 
b° 008 956 eSlt £6 0 0 9 0 0 S2 ‘ 
«° fod f2v 9911 t6 0 0 9 0 0 n2 
ef tte 99S atnt 26 0 0 9 0 0 te 
s° 10@ tes 2vet T@ 0 0 9 0 0 22 
6° 228 pSs 9l£et vd 0 0 9 0 0 te 
t°3 208 0S@ 9£L3 9L 0 0 9 0 0 02 
e° £e@ 26S Slot 28 0 0 9 0 0 ot e 
£° 1998 809 o9nt T@ 0 0 9 0 0 et 
er S6e sos o0nt S@ 0 0 9 0 0 Lt 
2° 966 eck eect 86 0 0 9 0 0 9t : ) 
2° 106 s s 66 0 0 9 0 0 st 
: ee ve 6 . 9e 0 0 S 0 0 ot 
2° 868 s s de 0 0 9 0 0 ct , 
2° * 026 s s 16 0 ‘0 9 0 0 2t 
2° See n2s O2nt hot 0 0 S 0' 0 tt 
2° 006 ots govt ne 0 0 Ss 0 0 ot . pa 
2° 0S6 029 OLst £0 0 0 r) 0 0 6 ~ 
2° Sh6 ‘ 419 19ST ge 0 0 S 0 0 Q a oe | 
e° Sl6 199 s£ot Sk 0 0 S 0 0 L ' 
us Loe @s9 Soot no Os. 0 s 0 0 9 co 
me 2° 956 v20 best 98 0 0 s 0 t 4 Ke 
a ry ° s pa. 0 0 S 0 2 o — 
® ® es . SL- 0 0 s 0 H £ 
8 » . .- s9 0 0 S 0 é é 
0° o0@ 959 bolt £9 0 0 Ss 9 é t 
Essn/n9N FC eeW/W9N Ceewswon E8sn/WON C#sw/WON TCesew/WON Ceew/WIN C¥ew/won Cesw/woh Csew/wsn 
03 on2 3H dH £0. ; S2x 208 | On 20Nn KON Ava 
ten : a 
-o. CALTOIWOAN 134 ON¥..dn3L BOS zS2) et u 
(SZ9VUIAV WNWINEW: 20S 3YTNOIN) SAINVURAV ATIVG. é 
, . eer . (t 
fi! ? Gey i a's 83 . 
rs : ] ers z ra ¢ Lu § 
£ OS t . 7 
‘ °INI ANSWNOSTAOBAY Q ms 
SISPSSHSSISSSSEVSSSHsagy ee ye j ‘ $$ 
8 bd vet % alot "AH 4 t rt 
8 ga/saonvsot 40 S¥ 8 20; ny ae; t rn dS 
8 WAVO Waid s 2et 4 £2 2418 a f a 26 
® Sy -. 295 a evi t vat ‘ a5 
99955906080938393048968 Q0v40103 -4433f0Nd 2WwHe WO 493 ai wS 
xh . ea , 5 «— ANGAAY ABVRMNS SIWWSIAV ATEVO 
045 : 08S c) pf AE 
91S ge ors c z t 
oss “ 2rs a 205 % VA 


JOAARVe BAQI ATAD HOUOMS FO VSIVAILOME « 
(OT YAM mOyY Pare 


VaoOn eee ee THEORET EOE 


- * 
vc AHAG PACHA 4 
+ OCALA ME BA “ 
x . 


PEG eee ehetenereteeee 


SPSSOSSHEEESEEESEESEES 


* 92/9Nv/0t 40 SY 
® vivo WWNI4 
® 


s 
. 
s 
s 


SSSOSSSOSEESSSEVETERESSE 


Q22 ° ql2 e 
ot2 « ote £ 
042 Ss oe2 , 
set s ogt , 
692 £ 0s2 £ 
@7490,1095 989 sL0K8 Siane oro 432 £ 
§02 . Sot 0 
S63 ® ee eee 9 
Sot @, oot t 
O6t 0 ane, . 088 L 
set S OLt e 
091 nt PrasnorryuGSts - . 
os2 £ ote £ 
Ss2 £ ste £ 
gt2 s ore b 
$92 2 One £ 
SCZ cewiad geno Sane n 

Sat Geancidin sam Gaeed G2) 
sod 9 set Ss 
5566 , oat , 
eacnQhby  eandll ‘082 £ 
Sb 4 ste 9 
ole a st2 L 
eGo t oe , Git p 
. 022 £ S2e £ 
S22 £ ste £ 
S6t . 022 0 
Sle £ sre £ 
one £ Sl2 £ 
$92 ¢ ose £ 
Sl2 £ oL2 £ 
Oot 2 ote 2 

w09 w09 woe WOE 
930 S/n 930 S/W 
nau se <OM £SM 


CALIQIWNH 134 ONV dWw3L YOd 2S2) 


gt2 
On2 
oet 
022 
sté 
set 
Sot 
set 
oet 
sot 
Ont 
S22 
o£2 
so2 
One 
one 
Sot 
set 
ost 
Sl2 
One 
u2e2 
oat 
set 
S22 
o02 
SsL.t 
$92 
022 
sl2 
Oct 


wot 


20M 


(O24 Avw 90) 


BOvusAV WOd VAVO HONOND LON SZiVSIONI © 


2 


NUAMAMBMMNMAMeNene mvecraecorgaenr@rernm 


wot 


(S39VU3RAV WIWINIW 20S 34INDI4) SIIVHZAV ATIVO 


*ONI LN3WNOULAOY IY 

@Lob ‘AvW 

£2 32118 

OGvaut0d $493FO¥d AIWHS IO a=) 


AY 


ts 
of 


19994 VAAMMUL 2IDAR3VE VITA 


i2 
92 
$2 
02 
£2 
22 
te 
02 
6t 
et 
it 
9t 
st 
tt 
£3 x0" raga 
une ‘dU be aN 


KUM IMNDe OTro 
7- 


S/n 
2sm 


Awd 


A8H0d38 AUVHHNS SADVERAN ATIVG 


uynoy 


oS7h4 


II B-1265 


ke 


99s 


Las 
99S 
ges 
06S 
ees 
99S 
19S 
, 99S 
99S 
6e@sS 
26S 
26S 
£6S 
06S 
49S 
nes 
99S 
16s 
vos 
S6S 
ge8S 
eS 
T6s 
tos 
49S 
ees 
Tes 
2es 
ses 
- 28S 
* 6@S 


eceeoeepeae ese eaeeeeueeaeeeceaese cece ase eneenaese te 


wd : wo 
39930 * 9H HWW 
210 * duve 


> 


CALIQIWNH 438 ONV dW 


a 


% 


°ONI ANAWNOUTAGY3Y 
SFSSSISSSSSDAVVISSETSSS * 


® ° PLOb AVA 
® easanv/ot 40 Sv bi 
e WAV WNId a £2 ZAIC 
s e 
0950509 00CEH5S9I099808 OGvd0103 *493FONd 3IWHE IO Ged 
? 
ca 
e ©6Ot 
5) 


& 


* 
TAF 
, 


s 


* 


60 


9D 
Wh 
ig 
oS 
tS 
2¢ 
Se 
he 
92 
os 
02 
oS 
oo 
9S 
ee 
ek 
ne 
92 
te 
po 
ef 
ef 
£h 
89 
is) 
ng 
el 
6s 
19 
9 
ge 


wt 


Yad 


THY 


r] 


% 


1 404 252) 
(S39VUSAV WOHININ X65 3NIN03y)- 


e 


mop mm me 


(@L AYW 00) YvHOV saat 
J9veIAV YOd VLVO HONOND LON S3LVIIONE © ‘ 


6 AV 5 





g te 
tt o£ 
3 b2 
ut 92 
ot L2 
2t 92 . L 
et $2 ° 
ct te 
s £2 
ct 22 
ot t2 
et 02 
Ot 6t : 
9 et % , 
t lt 
£t qt 
6t Sst ! 
et ot ? 
ot ct 
L 2t 
et tt 
2t ot 
d S wo ; 
£ g res 
0 L NI 
0 9 a 
te S 
£ ? co 
Z £ — 
9 cae mH 
0 t 
HOt ' 
3930 
2w3k + Ava 


CS9V4U3ZAV AITVO 


o;5 


os L80d3B AYVWHNS SISVESAY AIVA 


YOAR IVA ANF a 


ro 
3 


NUCH? YOU @STaAdrawe 
‘Rt vAM &2 a 


a a 
9 002 
ot st2 
ct sat 
6 Oot 
NOPE ee meen tenet heewee OQARO JOD SF IILOWN Juntree UTO 4 3 Cut 
% ae 6 09% 
sy wATAO S4n84 ‘ et 1y@ Sst 
e* gp FLWAUAROL FOEGA Ke : a ogt 
‘ aE THN OST 
eS SS84%" BS44" teeene . SLI 
Jv i . VUR sa o@ 
e s 
9 ste 
» s 
° * 
{@3o0a, ® 108 GMTU 
CVT Eat s le i) 
s sd 
. ark ® m e 
, * me 
° . 
° sce 
. 3 
® i ° 
a ® 8 
. . 
* *’ 
° . 
s . 
* . 
* s 
wot not 
3930 930 
twa TOM 


(@L Ave 90} 


BOVUZAV WOd ViVO HONOND LON BALVITONI © 


- 
> 
< 


c3cans Ob G 


sus £8 4g 


ot 


“ 


eeeeeeeaceOeecr eee Canoe yrwygnnesesnm 
ce 
— 


KVM INOr oe 


wot 
S/W 
1SM Ava 


CALITOIWNH 134 ONV dw3L 404 X51) 
(S39VARIAV ANWINIW 20S JNINOFJH) SIIVUIAV AITVO 


“INI ANSWNOULAONIY 
SPESSEEESSED SHEERS ESS 


s ° ‘Alb “AWW 
. ei4s9nvsot sO Sv ® 
* vivO TYNI4 . at 3141S 
* s 
SOEVSH SES TOR EE EES SEEDS OdveO103 °193f0ud AIWHS TIO 4-3 


1MO4 GM WhaMnie 2IDAwsVe § STAG 


A40d3u AYVWWIS S39VeRAW ATIVO 


9762 


II B-1267 


& 


{QZ Avw 00) UVHOY 
JOVERAV BOs VIVO HSNONZ LON SZAVIIGNI ® 


sn Ot £ Av : 
( 4) to t J té 
t J) { ) ( ) o£ 
| | ( 1 t ) 62 : 
a | ( ) ( J) 92 
| ea | ¢ ) ( J 2 
{ J ( J { J 92 
( J {i} ( ) S2 
» het { ) ( J ne 

* Snt £ £2 
Tt set £ 22 
6 00t 2 t2 
Ot oet 2 02 ' 
9 set 2 6t 
? sst 2 et ; 
te Sot 2 Lt ° 
et Ont 0 91 
nt Ont £ st 
ot ' ost £ ft 

“i Ot sst 2 ct 
S 002 £ 2t 
6 Sot _£ tt 
tt sot £ ot 
£ set 2 6 
. sst £ g . 
Ze oet 4 L 
eo o2t 2 9 
® S¢t2. £ S 
2 St2 £ ° 
S soe 2 £ 
£ S22) 2 2 ; 
2 sot. 2 ry 

of 
. Vue sf ' 

not not wos ; 
39930 o. 93a tS/w 
twa. AQW 4 TSM Awd 


‘Aart 5 % 
CALIUINOM W3U ONY cwSdr BOR 2S2)i: 
(S39VS3AV WNWINIW 206 367NU24) SI9VHAAV ATIVY 
aie + 
; j 
yee f 
°ONE ANSWNOUTAOS3Y ©.’ 
SSSSSSSSSSSCHPGSESEESses i? [S 


e r . OLOE PAW set 4 ay, 
® e£/5nvVs03 4O Sy »® ‘ 4 
® vivG WwnId ® qs QkIS ee 8 ; 
‘§ ® TT t f 

9989599093 ST005H 89008 OGvy0IGSs °A9STCUs AWHE WO Begrs: © 255 
rita Locale oo 

age q aS AN0d3U AYUYHWNS S3I9vUsAV ATTIA 
gui es 
UY) fables, 8 . ora 
aie iv 
“or ft vu 


e7TAsK IVA 407 AVAGO HHUNHD POM @3YASTOUE ¢ 
fat vem eg) avers 


. O 


II B-1268 


Cease eeevwevevr teu reree 
© . 
e ayagd javla ° 
. Ot\aangt IW ZA * 
. ¢ © 


eaeeerrr eee eea seater vean 


SSSSSSSSSFSSSESESESEESSE 


s s 
° g@i/9Nv/Ot 40 S¥ ® 
° vivo WNI4 . 
se s 


SSRSSSSESESEEEESEEESES 


oot 2 Av 
ste 8 t¢ 
ste ¢ o£ 
ost 2 62 
seg 0 G2 
set t L2 
OGANHIOD CPTILOWNW FGydHe GIO w= 39 093) 2 92 
o.t oo s2 
04 jyi2 06t 9 v2 
r s £2 
ver ava SOT 2 22 
ott ¢ t2 
MY PHaenoiyvutss O2T 8 o2 
occ ft 6t 
A set t el 
Sok 0 at 
os2 tt 91 
CEaG ani A murine Oe QUI ST joa 
CYTE Tut 398 JOA SeQB RG revjet 
o9t 2 “I 
bids Goa 2 rat 
9 092 tt 
tut Oot ¢€ 08 
Ont €£ 6 
ot t 9 
so2 i 
¢ SEt t 9 
stk e2 Ss 
stg 2 o 
cog t & 
otc ft 2 
st 0 T 
wot wot 
TQM SM avd 


(OL Avw 6) 


@IOVUZAY BOA VAVO HOPOND LON BBAVILONT 


HU4 GR AAM“iUe EB9DAA SVE 


¥ad 


(S39VU3AV WOWINIW %0S 3YINO3e) SIIVUZAV ATIVO 


“INI AN3WNOSIAON3¥ 
@L60 “AVA 
ve 3118 


OQvH0109 *193f08d JZIWHES TIO G=39 


($334930) (S/W) 
NOILD3NIGO ONY G33dS GNIM 39vUaA¥ 


yuan 


WwIYOLI3A 


BAWOYV 


NQ7K2 


II B-1269 


SPECS SISHVOEPIOREEISTIOG 


s cy 
bd ga79Nv/ot 40 SV ® 
® Viva WntId ® 
A td 


SOCSOSEESSSSESSESIOSSESS 


Ste 


sst 
Set 
Ste 
Sts 
ge 
ote 


‘* Sot 


’ Sol 
Oot 
Sot 
09t 
Ske 
One 

» Sle 
Sl2 
o£e 
002 
Ote 
ote 
Soe 
She 
Ste 
002 
Sof£ 
S62 
002 
ss¢ 
oek 
Shek 
Ok 
Set 


wo9 


ogi 


(S39VH3AV 


Int LNaW 


OGvHOI03 °A33f0Ud AIH 


ote 


ose 
See 
ote 
Oek 
Sb2 
Soe 
O6t 
O6t 
oot 
set 
Sot 
ote 
sce 
soe 
092 
vee 
Set 
002 
sot 
Sbe 
One 
Ote 
Sot 
Of 
008 
sot 
ose 
O2E 
SEe 
SOL 
Sr 


SNUNM MI HK KHMOOUMOFKF TH MNARMIDACTWIAKVWITMAY nn 


9t5 
W099 WOE 
OSM &0M 
e 


« 


< ORUINMTHKHVMONONMNDIRMIUNOMSZOF OMA VMN Lal 


cS) 
wos 


“£SM 0M 26M 


2 


002 


Soe 
Set 
ote 
Set 
ste 
soe 
06} 
oot 
set 
Set 
Ont 
Sl2 
Sfe 
002 
One 
ore 
002 
ote 
soe 
OTE 
0S2 
ste 
002 
Ste 
See 
S02 
Ss. 

02 

Soe 
ote 
ose 


Wok 


OMAN UM A KM UNINUM TMM RK TUMOMM Err OMAN ITMN wu 


wot 


ot 


KUMI Nnoroc 


Ava 


ag ie. i . ea ‘ on 


(94 AVW PO) BAWOV 


SIOVUIAV YOS VAVO HOMONZ LON SALVIIGNI © U 


ar wry NPN Ae SOPRONZSY 


4 * t 
WOWINIW ZOS 38INOZY) S39vH3AV ATIVA 


>o 


NOUTAQHaY 


4 
9468 “AV 

ma- tt 
fe 31261 


8 W0 ded: 
ato 
a 
4 
00: 
AS. 


« 


wee wim mS 





ut 
es | 
0% 
t 
SS 
ES 
ns 
es 
as 


> 


(§32493G) (s/w) 
NOIL93810 GNV O33d8 ONIM 39VdIAN WIXOLIIA 


SIDAHRVA COV ATAG HIVOUT TOM BETAITIGNI © 
fav YAM pO} RYMTA 


O 


@ehp He OP Re eee were wane 


. o 
‘ avyao Jav“td * 
y mah, VARGE 9 Ba . 
. * 


Seen ewe ewww ee ene ene eeaae 


SPSS SSEESEETETESESEEES 


s s 
. g9i79Nv/Ot 40 Sv ® 
e vivo WNId . 
. a 


SSSSSSSESSSEEEEEESSEESS 


BAOVIAV WOd VLVO HONOND AON BAAVIIGNI & 





ra . AY ‘ ° 
oze ¢t té 
oof 2 o£ 
o22 2 62 WOYTIIAIO GHA 993998 OuIA 
sect e2 (2498190) fZNmM) 
ste 1! L2 
OQGARNJOD .YIILONs, Xuahe ITO AGOL 2 92 
ry . O6t o s2 
» oN »1TS6t 9 v2 
SSt o £2 
R ‘rei O02 8 22 
re | te 
e , tagneu /( Wer * 02 
ssc t 61 
. s et 
7 s at 4 
(220AAIVA HUME IM LO WATE GEA) EIQAR IVA VITAU 
* ° st 
s ° ol 
* gt 
ad) 2 S44 Re 2S» S2w ta 
‘Oo so me ye 6S OY 
ote ot 
® 6 
, % 09S 0 i 
. rte 0% Le 8S S 
; eve a} 9 1 
; nd Ss s v 
& %, ? < , 
4 £ £ 3 
. 2 1 
) t ‘ 
wot wot 


tam SM Ava 


(S39Va3AV WNWINIW 20S 3XINO3Y) SAISVYZAV ATIVO 


INI AN3SWNOUIAON3YV 
OL6t SAYH 
20 a11¢ 


OQveO102 41939fF0ud A1VHS 10 geod 
($334930) (S/W) 


NOILI3NIO GNY G33dS QNIM 39vu3AV IwIHOLI3A 


a.jaAgya 


{94 Avw 00) wAKOYV 


JaTAOTI4v 


s24QWA ROA ATEQ MOUOWS TOW S3Tar! 


tat 


~ 


9761 


T 
a 


ovSi-d 1 


IIT B-127] 


BCRDeTOREERBEEEEEHSeEE 
. | at _. 
& G@Z/9AN/OE 40,8 ® 


s  -Vawo WATS 8 
s : s@ 
® 


Sevesesaoeseeveseenes 


Gov 


Cl ed ee ae ae 
— ee es et et et es 


~» 


tht 
i 
"* 


OCR KUMRRBRUNN RR MM RRND RNNN RRR emma 


<= 


WO t. y WET 


SOM RGM 


(£OISVUIAY WOWINEW 20S) BYINOIe) <es9NNIAV 


legis JANaWNQd TAU aY 
hot tay) 
es ute 
40102 *493FONd JWHS T10 a9 


Pas 


“ig 


t 


“eee ee 0 ee et es 


{92 Avi 00) 
GAIVUSAV HOA VAVO HINONS LON SZLVIIGNT & 


ot 


” 


HUAI Nowce 


St 


AYG 


i | 8349990) C2) 
NOLLIaaLG QNY O33d6 GNIM 39VAIAV WwIYOsIIA 


‘ ie 


Kar’ 


ye 
rw 
— 


wAnOyV 


™ 


~ 


